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CHAPTER  17 


RENAL  ASSESSMENT 


INTRODUCTION 

Background 

In  humans,  there  is  no  evidence  that  the  kidneys  are  target  organs  for  2, 3,7,8- 
tetrachlorodibenzo-p-dioxin  (TCDD,  or  dioxin)  toxicity.  Although  renal  excretion  of 
phenoxy  herbicides  (TCDD  and  2,4,5-trichlorophenoxyacetic  acid  [2,4,5-T])  has  been  well 
established  in  animals  (1)  and  humans  (2,3),  more  recent  studies  indicate  that  it  may  be  of 
secondary  importance  to  intestinal  elimination  (4,5). 

Several  studies  have  focused  on  the  renal  sequelae  of  chlorophenol  toxicity  in  laboratory 
animals.  Rats  exposed  to  dichlorophenoxyacetic  acid  (2,4-D)  by  cutaneous  application  were 
noted  to  have  an  increase  in  renal  weight  but  no  histologic  changes  despite  the  development 
of  a  wasting  syndrome  (6).  In  contrast,  in  a  study  of  TCDD  toxicity  in  guinea  pigs,  a 
decrease  in  kidney  weight  was  noted  relative  to  controls,  and  histopathologic  examination 
revealed  focal  mineralization  changes  in  the  renal  parenchyma  (7).  Renal  anomalies 
including  hydronephrosis  in  mice  (8-10)  and  hamsters  (11)  occurred  after  maternal  TCDD 
exposure  at  toxic  levels.  In  one  smdy,  these  effects  were  limited  to  an  aryl  hydrocarbon 
(Ah)  receptor-responsive  strain  (10).  Because  the  doses  of  phenoxy  herbicides  used  in  these 
experiments  were  extreme  by  any  measure  of  reported  human  exposure  and  because  routes  of 
administrations  were  not  comparable,  the  relevance  of  these  and  other  animal  smdies  to 
dioxin  toxicity  in  humans  is  not  established. 

Renal  and  urinary  tract  disease  have  received  relatively  little  emphasis  in  morbidity 
studies  of  humans  exposed  to  phenoxy  herbicides,  although  an  isolated  case  of  hemorrhagic 
cystitis  occurred  in  a  child  exposed  to  high  concentrations  of  TCDD  in  soil  (12).  Acute 
renal  failure  also  has  been  reported  in  cases  of  extreme  phenoxy  herbicide  (though  not 
TCDD)  toxicity  in  man,  though  the  mechanism  appears  to  be  secondary  to  rhabdomyolysis 
rather  than  to  a  direct  nephrotoxic  effect  (13,14). 

Epidemiologic  smdies  of  populations  heavily  exposed  to  dioxin  through  environmental 
contamination  have  failed  to  document  the  kidney  as  a  target  organ  for  TCDD  toxicity 
(15-18),  and  smdies  of  veterans  potentially  exposed  to  dioxin  in  Southeast  Asia  (SEA)  have 
yielded  similar  results  (19).  Prior  Air  Force  Health  Smdy  (AFHS)  reports,  which  established 
the  body  burden  of  TCDD  by  serum  levels,  found  no  significant  differences  in  standard 
indices  of  renal  function  between  the  Ranch  Hand  and  Comparison  cohorts  (20,21).  On 
routine  microscopic  urinalysis,  however,  10.2  percent  of  those  participants  with  high  (>218 
ppt)  calculated  initial  serum  dioxin  levels  were  found  to  have  microhematuria  versus  4.9 
percent  of  those  with  lower  levels  (25  ppt  to  57  ppt)  (21).  Though  in  clinical  practice  such 
hemamria  is  usually  of  benign  origin,  the  possibility  of  occult  TCDD-induced  renal  disease  is 
raised  and  will  bear  close  scmtiny  in  this  and  subsequent  examination  cycles. 
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Summary  of  Previous  Analyses  of  the  Air  Force  Health  Study 
1982  Baseline  Study  Summary  Results 

The  1982  Baseline  examination  assessed  renal  disease  and  function  by  questionnaire  and 
basic  laboratory  testing.  Based  on  questionnaire  mfonnation,  the  Ranch  Hand  group  reported 
significantly  more  kidney  disease  than  the  Comparison  group  (p =0.039),  but  this  finding  was 
not  substantiated  by  laboratory  test  results,  even  when  all  abnormalities  in  blood  urea 
nitrogen,  creatinine  clearance,  presence  of  occult  blood,  five  or  more  urinary  white  blood 
cells  per  high-power  field  (WBC  per  HPF),  and  the  presence  of  urine  protein  were  summed. 
The  Comparison  group  manifested  a  twofold  increase  in  proteinuria  (p=0.055).  The 
distributions  of  creatinine  clearance  levels  were  similar  for  the  two  groups,  as  were  the 
means  of  blood  urea  nitrogen,  urine  specific  gravity,  and  urine  WBC  count.  Difficulty  in 
assessing  the  degree  and  significance  of  hidden  noncompliance  to  the  fiill  24-hour  urine 
collection  made  the  interpretation  of  the  creatinine  clearance  test  results  somewhat 
problematic.  Known  noncompliance  to  urine  collection  was  much  more  frequent  (p< 0.001) 
in  the  older  participants. 

The  validity  of  the  renal  assessment  was  reinforced  by  the  demonstrated  effects  of  the 
covariates  of  age  (bom  in  or  after  1942,  bom  before  1942)  and  2-hour  postprandial  glucose 
levels  (<120  mg/dl,  >  120  mg/dl).  Blood  urea  nitrogen  increased  with  age  and  urine 
specific  gravity  decreased  (p<  0.001  for  both),  while  an  abnormally  high  postprandial 
glucose  level  indicative  of  diabetes  was  associated  only  with  an  increasing  urine  specific 
gravity,  as  expected. 

Overall,  the  Baseline  renal  assessment  suggested  an  excess  of  historical  kidney  disease 
in  the  Ranch  Hand  group  not  corroborated  by  laboratory  urinalysis  testing. 

1985  Followup  Study  Summary  Results 

A  historical  assessment  of  kidney  disease  and  kidney  stones  by  a  review-of-systems 
questionnaire  showed  no  significant  differences  between  the  Ranch  Hand  and  Comparison 
groups.  Current  renal  function  was  evaluated  by  five  laboratory  variables:  urine  protein, 
urine  red  blood  cell  (RBC)  counts,  urine  WBC  counts,  blood  urea  nitrogen,  and  urine 
specific  gravity.  Invasive  procedures  were  not  used. 

The  unadjusted  analysis  of  proteinuria  showed  no  group  differences  in  contrast  to  the 
Baseline  findings,  which  showed  a  marginally  significant  increase  in  proteinuria  in  the 
Comparison  group  (p =0.055).  The  unadjusted  prevalence  rates  for  hematuria  were  sunilar 
for  both  the  Ranch  Hand  and  Comparison  groups.  The  approximate  tenfold  increase  in 
hematuria  in  both  groups  over  that  observed  at  Baseline  was  most  likely  due  to  different 
laboratory  techniques  (reagent-strip  testing  vs.  microscopic  observation).  Similar  results 
were  found  for  leukocyturia.  Blood  urea  nitrogen  levels  did  not  vary  significantly  by  group 
based  on  the  unadjusted  analysis.  Overall,  the  blood  urea  nitrogen  results  were  similar  to 
those  observed  at  the  Baseline  examination. 
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Unadjusted  urine  specific  gravity  levels  manifested  marginally  significant  group 
differences  (p =0.082).  In  contrast  to  the  Baseline  values,  the  followup  urine  specific 
gravities  were  lower,  a  finding  most  likely  attributable  to  differences  in  laboratory 
methodology  (falling  drop  method  vs.  multistick  procedure). 

In  conclusion,  none  of  the  five  renal  assessment  variables  showed  a  significant 
difference  between  the  Ranch  Hand  and  Comparison  groups  by  unadjusted  tests.  However, 
in  the  adjusted  analyses,  all  renal  measurements  except  reported  kidney  disease  revealed 
group-by-covariate  interactions.  These  interactions  were  often  complex,  making  it 
impossible  to  reach  a  firm  conclusion  as  to  the  presence  of  a  group  difference. 

1987  Followup  Study  Summary  Results 

Without  adjustments  for  covariates,  none  of  the  variables  of  reported  history  of  kidney 
disease  or  kidney  stones,  urinary  protein,  urinary  red  blood  cells,  urinary  white  blood  cells, 
blood  urea  nitrogen,  and  urine  specific  gravity  showed  a  significant  difference  between  the 
two  groups  for  the  1987  examination.  In  general,  these  findings  were  supported  by  the 
adjusted  analyses.  Examination  of  the  group-by-covariate  interactions  did  not  yield  a 
consistent  pattern  to  suggest  renal  detriment  to  either  the  Ranch  Hands  or  the  Comparisons. 
Lack  of  a  group  difference  in  the  reported  history  of  kidney  disease  or  kidney  stones 
(consistent  with  the  1985  examination  results)  was  in  contrast  with  the  Baseline  findings,  in 
which  Ranch  Hands  reported  significantly  more  disease.  A  nonsignificant  difference  in  the 
percentage  of  participants  with  urinary  protein  also  was  inconsistent  with  the  Baseline 
examination  when  the  Comparisons  had  a  marginally  significant  higher  prevalence  rate.  In 
the  longimdinal  analysis  of  blood  urea  nitrogen,  no  difference  in  the  change  over  time  was 
detected. 

Serum  Dioxin  Analysis  of  1987  Followup  Study  Summary  Results 

The  different  sets  of  statistical  analyses  performed  for  the  renal  assessment  did  not 
indicate  that  an  association  existed  between  the  serum  dioxin  levels  of  study  participants  and 
their  1987  examination  health  stams.  No  significant  associations  with  dioxin  were  observed 
in  the  longitudinal  analyses  of  blood  urea  nitrogen.  For  some  adjusted  analyses,  diabetic 
class  was  a  significant  covariate  in  the  model.  Because  dioxin  may  influence  diabetic  stams, 
ancillary  models  without  diabetic  class  also  were  examined.  For  the  most  part,  deletion  of 
diabetic  class  from  an  adjusted  model  had  no  appreciable  effect  on  the  outcome  of  the 
analysis. 

Parameters  for  the  Renal  Assessment 
Dependent  Variables 

The  Renal  Assessment  was  based  on  laboratory  data  collected  at  the  1992  physical 
examination,  as  well  as  on  a  verified  history  of  kidney  disease,  as  reported  by  the  participant 
and  subsequently  verified  by  a  medical  records  review. 
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Medical  Records  Data 


In  the  self-administered  family  and  personal  history  questionnaire,  each  smdy  participant 
was  asked  whether  he  had  ever  experienced  kidney  trouble  or  kidney  stones  or  had  recurrent 
occurrences  of  kidney  infections  in  the  years  prior  to  the  1992  physical  examination.  This 
information  was  subsequently  verified  and  combined  with  data  from  previous  examinations 
and  from  the  physical  examination.  A  composite  variable,  kidney  disease,  was  constructed 
by  assigning  “yes”  to  any  participant  who  was  verified  to  have  had  at  least  one  of  the 
following  conditions:  kidney  trouble,  kidney  stones,  or  kidney  infections. 

Participants  with  a  pre-SEA  history  of  one  of  these  conditions  were  excluded  from  the 
analysis.  No  other  participants  were  excluded  for  medical  reasons  from  the  analysis  of  this 
variable. 

Physical  Examination  Data 

Kidney  stones  (present,  absent),  as  determined  by  the  kidney,  urethra,  and  bladder 
(KUB)  X  ray,  were  analyzed. 

Laboratory  Examination  Data 

Five  renal  variables  were  quantified  by  general  laboratory  procedures  to  assess 
nonspecific  renal  system  function.  Urinary  protein  and  urine  specific  gravity  were 
determined  by  accepted  dipstick  methods  using  a  Clinitek  200®.  Hematuria  and  leukocymria 
were  measured  by  high-powered  microscopic  examination.  Serum  creatinine  was  assayed 
using  Baxter/Dade  Paramax®  equipment. 

Urinary  protein  (absent,  present),  hematuria  (^2  urinary  red  blood  cells  per  high- 
powered  field  [RBC  per  HPF],  >  2  RBC  per  HPF),  and  leukocymria  (<2  urinary  WBC  per 
HPF,  >2  WBC  per  HPF)  were  analyzed  as  dichotomous  variables.  Serum  creatinine 
(mg/dl)  and  urine  specific  gravity  were  analyzed  as  continuous  variables. 

The  Scripps  Clinic  and  Research  Foundation  (SCRF)  normal  range  for  serum  creatinine 
was  0.5-1. 2  mg/dl,  and  1.005-1.030  mg/dl  for  urine  specific  gravity.  However,  statistical 
analyses  were  only  performed  for  these  variables  in  the  continuous  form. 

No  participants  were  excluded  for  medical  reasons  from  the  analysis  of  these  variables. 
Covariates 

The  effects  of  the  four  covariates  age,  race,  military  occupation,  and  diabetic  class  were 
examined  in  adjusted  statistical  analyses  of  the  renal  data.  Diabetic  class  was  defined  as 
diabetic  (verified  history  of  diabetes  or  >200  mg/dl  2-hour  posq)randial  glucose),  impaired 
(140  mg/dl  <  2-hour  posq)randial  glucose  <200  mg/dl),  and  normal  (<140  mg/dl  2-hour 
postprandial  glucose).  Age  was  used  in  its  continuous  form  for  modeling  purposes  for  all 
dependent  variables.  Age  was  dichotomized  for  clarity  of  presentation  (e.g.,  interaction 
summaries). 
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Statistical  Methods 


Chapter  7,  Statistical  Methods,  describes  the  basic  statistical  methods  used  throughout 
this  report.  Table  17-1  summarizes  the  statistical  analyses  performed  for  the  Renal 
Assessment.  The  first  part  of  this  table  describes  the  dependent  variables  and  identifies  the 
candidate  covariates  and  the  statistical  methods.  The  second  part  of  the  table  further 
describes  the  candidate  covariates.  Abbreviations  used  in  the  body  of  the  table  are  defined  at 
the  end  of  the  table.  Table  17-2  provides  the  number  of  participants  excluded  for  a  pre-SEA 
history  of  kidney  disease  and  the  number  of  participants  with  missing  dependent  variable  or 
diabetic  class  status  data. 

Analyses  of  data  collected  at  the  1987  followup  study  indicated  that  dioxin  was 
associated  with  military  occupation.  In  general,  enlisted  personnel  had  higher  levels  of 
dioxin  than  officers,  with  enlisted  groundcrew  having  higher  levels  than  enlisted  flyers. 
Consequently,  adjustment  for  military  occupation  in  statistical  models  using  dioxin  as  a 
measure  of  exposure  may  improperly  mask  an  actual  dioxin  effect.  However,  occupation 
also  can  be  a  surrogate  for  socioeconomic  effects.  Failure  to  adjust  for  occupation  could 
overlook  important  risk  factors  related  to  lifestyle.  If  occupation  was  foimd  to  be 
significantly  associated  with  a  dependent  variable  in  the  1992  followup  analyses  and  was 
retained  in  the  final  statistical  models  using  dioxin  as  a  measure  of  exposure,  the  dioxin 
effect  was  evaluated  in  the  context  of  two  models.  Analyses  were  performed  with  and 
without  occupation  in  the  final  models  to  investigate  whether  conclusions  regarding  the 
association  between  the  health  endpoint  and  dioxin  differed. 

Diabetes  also  exhibited  a  significant  positive  association  with  dioxin  in  the  serum  dioxin 
analysis  of  the  1987  followup  data.  The  results  of  similar  diabetic  analyses  for  the  1992 
followup  are  discussed  in  Chapter  18,  Endocrine  Assessment.  Consequently,  clinical 
endpoints  in  the  Renal  Assessment  may  be  related  to  dioxin  due  to  the  association  between 
dioxin  and  diabetes.  To  investigate  this  possibility,  the  dioxin  effect  was  evaluated  in  the 
context  of  two  models  whenever  diabetic  class  was  retained  in  the  final  model.  Analyses 
again  were  performed  with  and  without  diabetic  class  in  the  model  to  investigate  whether 
conclusions  regarding  the  association  between  the  health  endpoint  and  dioxin  differed. 

The  results  of  the  analyses  without  occupation  and  diabetic  class  in  the  final  adjusted 
model  are  presented  in  Appendix  M-3  and  are  only  discussed  in  the  text  if  the  level  of 
significance  differs  from  the  original  final  adjusted  model  (significant  versus  nonsignificant). 

Longitudinal  Analysis 

Longitudinal  analyses  were  conducted  on  four  laboratory  variables  (urinary  red  blood 
cell  count,  urinary  protein,  urinary  white  blood  cell  count,  and  urine  specific  gravity)  to 
evaluate  the  changes  between  previous  examinations  and  the  1992  followup  examination. 

The  longitudinal  analyses  for  urinary  protein  investigated  differences  between  the  1982 
examination  and  the  1992  examination  because  the  same  measurement  method  was  used  at 
each  examination.  By  contrast,  the  longitudinal  analyses  for  urinary  red  blood  cell  count  and 
urine  specific  gravity  assessed  changes  between  the  1985  examination  and  the  1992 
examination  because  the  1982  examination  employed  a  different  measurement  method  than 
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Table  17-1. 

Statistical  Analyses  for  the  Renal  Assessment 


Dependent  Variables 


Vatiable  (Units) 

Data 

Source 

Data 

Form 

Cu^wints 

Ctmdidate 

Covariates 

Statistical  . 

Analysis 

Kidney  Disease 

MR-V 

D 

Yes 

No 

AGE,RACE,OCC, 

DIAB 

U:LR,CS 

A:LR 

Kidney  Stones  from 

KUB  X-Ray 

PE 

D 

Present 

Absent 

AGE,RACE,OCC, 

DIAB 

U:LR,CS 

A:LR 

Urinary  Protein 

LAB 

D 

Present 

Absent 

AGE,RACE,OCC, 

DIAB 

U:LR.CS 

A:LR 

L:LR 

Urinary  Red 

Blood  Cell  Count 
(RBC  per  HPF) 

LAB 

D 

Abnormal;  >2 
Normal:  <2 

AGE,RACE,OCC, 

DIAB 

U:LR,CS 

A;LR 

L:LR 

Urinary  White 

Blood  Cell  Count 
(WBC  per  HPF) 

LAB 

D 

Abnormal:  >2 
Normal:  <2 

AGE,RACE,OCC, 

DIAB 

U;LR,CS 

A;LR 

L:LR 

Serum  Creatinine 
(mg/dl) 

LAB 

C 

~ 

AGE,RACE,OCC, 

DIAB 

U:GLM,TT 

A:GLM 

Urine  Specific 

Gravity 

LAB 

C 

AGE,RACE,OCC, 

DIAB 

U:GLM,TT 

A;GLM 

L:GLM 

Covariates 

Yariabie  (Abbreviation) 

Data  Source 

Data  Form 

Cutpoints 

Age  (AGE) 

MIL 

D/C 

Bom  >  1942 

Bom  <  1942 

Race  (RACE) 

MIL 

D 

Black 

Non-Black 

Occupation  (OCC) 

MIL 

D 

Officer 

Enlisted  Flyer 

Enlisted  Groundcrew 

Diabetic  Class  (DIAB) 

LAB  and 
MR-V 

D 

Diabetic;  past  history  or 
>200  mg/dl  2-hr. 
postprandial  glucose 

Impaired:  >  140—  ^200  mg/dl 

2-hr.  postprandial  glucose 

Normal;  <  140  mg/dl  2-hr. 
postprandial  glucose 
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Table  17-1.  (Continued) 

Statistical  Analyses  for  the  Renal  Assessment 

Abbreviations 


Data  Source: 


Data  Form: 


LAB  =  1992  laboratory  results 

MIL  =  Air  Force  military  records 

MR-V  =  Medical  records  (verified) 

PE  =  1992  physical  examination 

C  =  Continuous  analysis  only 

D  =  Discrete  analysis  only 

D/C  =  Appropriate  form  for  analysis  (either  discrete  or  continuous) 


Statistical  Analyses:  U 
A 
L 


=  Unadjusted  analyses 
=  Adjusted  analyses 
=  Longitudinal  analyses 


Statistical  Methods:  CS 

GLM 

LR 

TT 


Continuity-adjusted  chi-square  statistic 
General  linear  models  analysis 
Logistic  regression  analysis 
Two-sample  t-test 


Table  17-2. 

Number  of  Participants  with  Missing  Data  for,  or  Excluded  from, 

the  Renal  Assessment 

Group 

Dioxin 

(Ranch  Hands  Only) 

Categorized  Dio»n 

Variable 

Ranch 

Ranch 

Variable 

Use 

Hand 

Comparison 

Initial  Current 

Hand 

Comparison 

Urinary  Protein 

DEP 

2 

2 

2 

2 

2 

1 

Urinary  Red  Blood 

Cell  Count 

DEP 

2 

2 

2 

2 

2 

1 

Urinary  White  Blood 
Cell  Count 

DEP 

2 

2 

2 

2 

2 

1 

Serum  Creatinine 

DEP 

0 

1 

0 

0 

0 

0 

Urine  Specific  Gravity 

DEP 

2 

2 

2 

2 

2 

1 

Diabetic  Class 

COV 

1 

2 

0 

1 

1 

1 

Pre-SEA  Kidney 
Disease 

EXC 

21 

30 

11 

21 

21 

22 

Abbreviations:  DEP  =  Dependent  variable  (missing  data). 

COV  =  Covariate  (missing  data). 

EXC  =  Exclusion. 

Note:  952  Ranch  Hands  and  1,281  Comparisons; 

520  Ranch  Hands  for  initial  dioxin;  894  Ranch  Hands  for  current  dioxin; 
894  Ranch  Hands  and  1,063  Comparisons  for  categorized  dioxin. 

One  Ranch  Hand  missing  total  lipids  for  current  dioxin. 
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the  procedure  used  at  subsequent  examinations  (reagent  strip  testing  in  1982  vs.  microscopic 
observation  for  urinary  red  blood  cells;  falling  drop  in  1982  vs.  multistick  for  urine  specific 
gravity). 

The  longitudinal  analyses  for  urinary  white  blood  cell  count  investigated  differences 
between  the  1985  and  1992  examinations  because,  even  though  all  the  examinations 
employed  the  same  measurement  method  (microscopic  observation),  the  outpoint  for  defining 
an  abnormality  changed  between  the  1982  exammation  and  subsequent  exammations  (>4 
urinary  WBC  per  HPF  in  1982  vs.  >2  urinary  WBC  per  HPF  in  1985,  1987,  and  1992). 

See  Chapter  7,  Statistical  Methods,  for  a  further  discussion  of  methods  used  in  the 
longitudinal  analysis. 

RESULTS 

Dependent  Variable-Covariate  Associations 

Unadjusted  covariate  tests  of  association  were  done  to  examine  the  relationships  between 
the  dependent  variables  and  the  candidate  covariates— age,  race,  occupation,  and  diabetic 
class.  Analyses  were  performed  on  the  combined  Ranch  Hand  and  Comparison  group 
cohorts.  Associations  with  a  p-value  less  than  0.10  are  discussed  below. 

Kidney  disease  was  significantly  associated  with  age  and  diabetic  class  (Appendix  Table 
M-1-1:  p=0.001  and  p<  0.001  respectively).  Older  participants  were  more  likely  to  have  a 
verified  history  of  kidney  disease  than  younger  participants  (18.8%  of  men  bom  before  1942 
vs.  13.2%  of  men  bom  in  or  after  1942),  and  diabetics  had  a  higher  rate  of  kidney  disease 
than  subjects  with  normal  and  impaired  glucose  levels.  The  percentages  of  AFHS 
participants  with  a  verified  history  of  kidney  disease  in  the  normal,  impaired,  and  diabetic 
categories  were  14.7^  17.4,  and  24.0  percent  respectively. 

The  only  covariate  significantly  associated  with  kidney  stones  was  age  (p=0.023),  with 
older  participants  having  a  higher  rate  of  occurrence  than  younger  participants  (3.6%  vs. 
1.9%). 

The  only  covariate  significantly  associated  with  urinary  protein  was  diabetic  class 
(p<0.001).  Diabetics  were  much  more  likely  to  have  urinary  protein  abnormalities  (13.9%) 
than  were  subjects  with  impaired  glucose  levels  (4.8%)  and  subjects  with  normal  glucose 
levels  (2.7%). 

Urinary  red  blood  cell  count  was  significantly  associated  with  occupation  (p =0.018)  and 
race  (p= 0.007).  The  percentages  of  abnormalities  for  officers,  enlisted  flyers,  and  enlisted 
groundcrew  were  1.7  percent,  2.2  percent,  and  3.8  percent  respectively.  Blacks  were  more 
than  twice  as  likely  as  non-Blacks  to  have  urinary  red  blood  cell  count  abnormalities  (6.9% 
vs.  2.5%). 

Covariate  analyses  for  urinary  white  blood  cell  count  were  significant  for  occupation 
(p=0.031)  and  diabetic  class  (p=0.003).  For  occupation,  enlisted  flyers  had  the  highest 
percentage  of  urinary  white  blood  cell  abnormalities  (4.7%)  followed  by  enlisted  groundcrew 
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(3.1%)  and  officers  (2.0%).  For  diabetic  class,  diabetics  were  more  than  twice  as  likely  to 
have  urinary  white  blood  cell  abnormalities  than  either  subjects  with  impaired  glucose  levels 
or  those  with  normal  levels  (5.9%  of  diabetics  vs.  2.8%  of  impaired  and  2.4%  of  normal). 

Covariate  analyses  for  serum  creatinine  revealed  a  significant  association  with  age 
(p=0.004)  and  race  (p  <0.001),  and  a  marginally  significant  association  with  diabetic  class 
(p  =0.081).  Age  was  positively  correlated  with  serum  creatinine,  and  Blacks  had  a  higher 
mean  level  of  serum  creatinine  than  non-Blacks  (1.0513  mg/dl  vs.  0.9692  mg/dl).  Of  the 
diabetic  class  categories,  diabetics  had  the  lowest  mean  level  of  serum  creatinine  (0.9584 
mg/dl)  while  subjects  with  impaired  glucose  levels  had  the  highest  mean  level  (0.9877 
mg/dl).  Normal  subjects  had  a  mean  level  of  serum  creatinine  of  0.9750  mg/dl. 

Urine  specific  gravity  was  significantly  associated  with  occupation  (p<  0.001)  and 
diabetic  class  (p=0.002)  and  marginally  associated  with  age  (p=0.081)  and  race  (p=0.069) 
in  the  covariate  tests  of  association.  Of  the  occupational  categories,  enlisted  groundcrew  had 
the  highest  mean  urine  specific  gravity  (1.0196),  while  the  mean  for  both  enlisted  flyers  and 
officers  was  1.0182.  For  diabetic  class,  the  means  were  1.0186,  1.0194,  and  1.0198  for  the 
normal,  impaired,  and  diabetic  categories  respectively.  Age  was  negatively  correlated  with 
urine  specific  gravity  (r=-0.037,  p=0.081).  Blacks  had  a  higher  mean  urine  specific  gravity 
than  non-Blacks  (1.0198  vs.  1.0188). 

In  summary,  the  covariate  tests  of  association  found  that  older  participants  were  more 
likely  than  younger  participants  to  have  a  verified  history  of  kidney  disease,  evidence  at  the 
physical  examination  of  kidney  stones,  higher  serum  creatinine,  and  a  lower  mean  urine 
specific  gravity.  Racial  differences  showed  that  Blacks  were  more  likely  than  non-Blacks  to 
have  urinary  red  blood  cell  count  abnormalities,  a  higher  serum  creatinine  level,  and  a  higher 
urine  specific  gravity.  Of  the  occupational  categories,  enlisted  groundcrew  had  the  highest 
prevalence  of  urinary  red  blood  cells  and  the  highest  levels  of  urine  specific  gravity,  while 
enlisted  flyers  had  the  highest  prevalence  of  urinary  white  blood  cells.  Associations  with  the 
diabetic  class  covariate  found  that,  as  expected,  diabetics  were  more  likely  than  nondiabetics 
to  have  a  history  of  kidney  disease,  urinary  protein,  urinary  white  blood  cells,  a  lower  serum 
creatinine  level,  and  a  higher  urine  specific  gravity. 

Exposure  Analysis 

The  following  section  presents  the  results  of  the  statistical  analyses  of  the  dependent 
variables  shown  in  Table  17-1.  Dependent  variables  are  grouped  into  three  sections:  those 
derived  and  verified  from  a  review  of  medical  records,  data  obtained  during  the  1992 
physical  examination,  and  data  derived  from  the  laboratory  portion  of  the  1992  followup 
examination. 

Unadjusted  and  adjusted  analyses  of  six  models  are  presented  for  each  variable.  Model 
1  examines  the  relationship  between  the  dependent  variable  and  group  (Ranch  Hand  or 
Comparison).  Model  2  explores  the  relationship  between  the  dependent  variable  and  an 
extrapolated  initial  dioxin  measure  for  Ranch  Hands  who  had  a  1987  dioxin  measurement 
greater  than  10  ppt.  If  a  participant  did  not  have  a  1987  dioxin  level,  a  1992  level  was  used. 
A  statistical  adjustment  for  the  percent  of  body  fat  at  the  participant’s  time  of  duty  in  SEA 
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and  the  change  in  the  percent  of  body  fat  from  the  time  of  duty  in  SEA  to  the  date  of  the 
blood  draw  for  dioxin  is  included  in  this  model  to  account  for  body-fat-related  differences  in 
elimination  rate  (22).  Model  3  dichotomizes  the  Ranch  Hands  in  Model  2  based  on  their 
initial  dioxin  measures;  these  two  categories  of  Ranch  Hands  are  referred  to  as  the  “low 
Ranch  Hand”  category  and  the  “high  Ranch  Hand”  category.  These  participants  are  added 
to  Ranch  Hands  and  Comparisons  with  current  serum  dioxin  levels  (1987,  if  available;  1992, 
if  the  1987  level  was  not  available)  at  or  below  10  ppt  to  create  a  total  of  four  categories. 
Ranch  Hands  with  current  serum  dioxin  levels  at  or  below  10  ppt  are  referred  to  as  the 
“background  Ranch  Hand”  category.  The  relationship  between  the  dependent  variable  in 
each  of  the  three  Ranch  Hand  categories  and  the  dependent  variable  in  the  “Comparison” 
category  is  examined.  A  fourth  contrast,  exploring  the  relationship  of  the  dependent  variable 
in  the  low  Ranch  Hand  category  and  the  high  Ranch  Hand  category  combined,  also  is 
conducted.  This  combination  is  referred  to  in  the  text  and  tables  as  the  “low  plus  high 
Ranch  Hand”  category.  As  in  Model  2,  a  statistical  adjustment  is  made  for  the  percent  of 
body  fat  at  the  participant’s  time  of  duty  in  SEA  and  the  change  in  the  percent  of  body  fat 
from  the  time  of  duty  in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Models  4,  5,  and  6  examine  the  relationship  between  the  dependent  variable  and  1987 
dioxin  levels  in  all  Ranch  Hands  with  a  dioxin  measurement.  If  a  participant  did  not  have  a 
1987  dioxin  measurement,  a  1992  measurement  was  utilized  in  determining  the  current 
dioxin  level.  The  measure  of  dioxin  in  Model  4  is  lipid-adjusted,  whereas  whole-weight 
dioxin  is  used  in  Models  5  and  6.  Model  6  differs  from  Model  5  in  that  a  statistical 
adjustment  for  total  lipids  is  included  in  Model  6.  Further  details  on  dioxin  and  the 
modeling  strategy  are  found  in  Chapters  2  and  7  respectively. 

Results  of  investigations  for  group-by-covariate  and  dioxin-by-covariate  interactions  are 
referenced  in  the  text,  and  tabular  results  are  presented  in  Appendix  M-2.  As  described 
previously,  additional  analyses  were  performed  when  occupation  or  diabetic  class  was 
retained  in  the  final  models  for  Models  2  through  6.  Results  excluding  occupation  and 
diabetic  class  from  these  models  are  tabled  in  Appendix  M-3.  Results  from  analyses 
excluding  occupation  and  diabetic  class  are  discussed  in  the  text  only  if  a  meaningful  change 
occurred  (that  is,  changes  between  significant  results,  marginally  significant  results,  and 
nonsignificant  results). 

Verified  Medical  Records  Variable 

Kidney  Disease 

The  results  from  the  Model  1  analysis  did  not  detect  a  significant  difference  in  the 
history  of  kidney  disease  between  Ranch  Hands  and  Comparisons  (Table  17-3(a,b):  p>0.22 
for  all  contrasts).  The  adjusted  analysis  accounted  for  diabetic  class  and  the  age-by¬ 
occupation  interaction. 

Similarly,  Models  2  and  3  did  not  show  kidney  disease  to  be  significantly  associated 
with  initial  dioxin  or  categorized  dioxin  (Table  17-3(c-f):  p>0.56  for  all  analyses).  For 
Model  2,  the  final  adjusted  model  was  the  same  as  the  unadjusted  model;  however,  the 
adjusted  analysis  of  Model  3  contained  the  covariates  age,  occupation,  and  diabetic  class. 
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Table  17-3. 

Analysis  of  Kidney  Disease 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Occapatiorial 

Cat^ory 

Group 

’  n 

Percent 

Yes 

Est.  Relative  Risk 
(95%  C.L) 

p-Vaiue 

All 

Ranch  Hand 

931 

17.0 

1.08  (0.86,1.36) 

0.545 

Comparison 

1,251 

15.9 

Officer 

Ranch  Hand 

358 

17.3 

1.28  (0.88,1.87) 

0.225 

Comparison 

485 

14.0 

Enlisted  Flyer 

Ranch  Hand 

158 

16.5 

1.12  (0.63,1.98) 

0.818 

Comparison 

200 

15.0 

Enlisted  Groimdcrew 

Ranch  Hand 

415 

16.9 

0.93  (0.67,1.31) 

0.754 

Comparison 

566 

17.8 

b)  MODEL  1;  RANCH  HANDS  VS.  COMPARISONS  —  ADJUSTED 


Occupational 

Cat^ory 

Adj.  Relative  Risk 
(95%C.L) 

•  p-Value 

Covariate  Remarks’^ 

AU 

1.08  (0.86,1.36) 

0.526 

DIAB  (p=0.025) 
OCC*AGE  (p =0.034) 

Officer 

1.25  (0.85,1.83) 

0.256 

Enlisted  Flyer 

1.13  (0.64,2.00) 

0.681 

Enlisted  Groundcrew 

0.95  (0.68,1.33) 

0.752 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  17-3.  (Continued) 
Analysis  of  Kidney  Disease 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Tnif  tai  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log^  (Mtial  Dioxin)^ 

Initial 

Dioxin 

n 

Percent 

Yes 

Estimated  Rdative  Risk 
(95%  C.!.)*" 

p-Valne 

Low 

170 

17.1 

0.97  (0.81,1.15) 

0.717 

Medium 

170 

17.1 

High 

169 

17.8 

d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED _ 

Analysis  Results  for  Logj  (Mtial  Dioxin)® 

Adj.  Rdative  Risk 

0  (95%  C.I.)'*  _ _ p-Vaine _ Covariate  Remarks 

509 _ 0,97  (0.81.1.15) _ 0  717 _ _ _ 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

**  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  17-3.  (Continued) 
Analysis  of  Kidney  Disease 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  — 

UNADJUSTED 

IMoxin  Categofj^ 

n 

Potent 

Yes 

Est.  RelatiTe  Risk 
(95%  CJ.)^ 

p-Value 

Comparison 

1,041 

16.0 

Background  RH 

364 

16.2 

1.07  (0.77,1.48) 

0.690 

Low  RH 

253 

17.0 

1.04  (0.72,1.51) 

0.830 

HighRH 

256 

17.6 

1.08  (0.75,1.55) 

0.694 

Low  plus  High  RH 

509 

17.3 

1.06(0.80,1.41) 

0.695 

I)  MODEL  3; 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

:  Adj.  Rdative  Risk 

Dioxin  Cat^ory 

n 

(95%  C.I.)*“ 

p-Valne 

CoTariate  Remarks 

Comparison 

1,040 

AGE  (p  <0.001) 

OCC  (p=0.016) 

Background  RH 

363 

1.11  (0.79,1.55) 

0.560 

DIAB  (p =0.030) 

LowRH 

253 

1.01  (0.69,1.47) 

0.960 

HighRH 

256 

1.06  (0.72,1.54) 

0.773 

Low  plus  High  RH 

509 

1.03  (0.77,1.38) 

0.828 

^  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  ’’Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  Initial  Dioxin  >  143  ppt. 
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Table  17-3.  (Continued) 
Analysis  of  Kidney  Disease 


g)  MODELS  4,  S,  AM>  6:  RANCH  HANDS  -  CUBSENT  DIOXIN  -  UNADJUSTED 


£ 

Current  Dioxin  Category 

.  Analysis  Results  for  Log;^  = 

Percent  yes/(n) 

(Current  Dioxin  +  1) 

Est.  Relative  Risk 

Modd® 

Low 

.  Me^um 

High 

(95%  C.!.)** 

p-Value 

4 

15.0 

18.3 

17.1 

1.02  (0.90,1.15) 

0.729 

(286) 

(295) 

(292) 

5 

14.1 

19.2 

17.2 

1.02(0.92,1.14) 

0.685 

(291) 

(291) 

(291) 

6^ 

14.1 

19.2 

17.2 

1.01  (0.90,1.13) 

0.918 

(291) 

(291) 

(291) 

h)  MODELS  4,  5,  AND  6;  RANCH  HANDS  —  CURRENT  DIOXIN  -  ADJUSTED 


Analysis  Results  for  Log^  (Current  Dioxin  +1) 

ModdP 

tt 

Adj.  Relative  Risk 
(95%  CX)” 

p-Value 

Covaiiate  Remarks 

4 

873 

1.07(0.94,1.21) 

0.313 

AGE*RACE  (p =0.032) 

5 

873 

1.06  (0.95,1.18) 

0.329 

AGE*RACE  (p  =0.033) 

6“ 

873 

1.05  (0.93,1.18) 

0.480 

AGE*RACE  (p  =0.034) 

®  Model  4:  Logj  (lipid-adjusted  current  dioxin  -I-  1). 

Model  5:  Log2  (whole-weight  current  dioxin  -I-  1). 

Model  6:  Logj  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 


Relative  risk  for  a  twofold  increase  in  current  dioxin. 

®  Adjusted  for  log2  total  lipids. 

^  Adjusted  for  logj  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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For  Models  4  through  6,  no  significant  association  between  history  of  kidney  disease 
and  current  dioxin  was  found  in  the  unadjusted  and  adjusted  analyses  (Table  17-3(g,h): 
p>0.31  for  all  analyses).  Each  of  the  adjusted  analyses  for  Models  4  through  6  accounted 
for  the  age-by-race  interaction. 

Physical  Examination  Variable 

Kidney  Stones 

As  shown  in  Table  17-4(a,b),  the  unadjusted  and  adjusted  analyses  for  Model  1  did  not 
reveal  a  significant  association  between  kidney  stones  and  group  (p>0.46  for  all  contrasts). 
The  final  model  in  the  adjusted  analysis  for  Model  1  contained  the  co variate  age. 

Examination  of  the  unadjusted  results  for  Model  2  revealed  a  significant  inverse 
relationship  between  initial  dioxin  and  kidney  stones  (Table  17-4(c):  p=0.016,  Est. 
RR=0.58,  95%  C.I.  =  [0.36,  0.94]).  The  percentages  of  participants  with  kidney  stones  in 
the  low,  medium,  and  high  initial  dioxin  categories  were  5.2,  2.9,  and  1.7  percent 
respectively. 

The  adjusted  analysis  for  Model  2  detected  a  significant  initial  dioxin-by-diabetic  class 
interaction  (Table  17-4(d):  p=0.016).  Appendix  Table  M-2-1  presents  stratified  results  to 
examine  this  interaction.  Age  also  was  a  significant  covariate  in  the  final  model.  After 
deleting  the  initial  dioxin-by-diabetic  class  interaction  from  the  final  model,  a  marginally 
significant  inverse  relationship  between  initial  dioxin  and  kidney  stones  was  detected  (Table 
17-4(d):  p=0.069,  Adj.  RR=0.65,  95%  C.I.=[0.39,  1.07]). 

The  unadjusted  and  adjusted  analyses  of  Model  3  did  not  uncover  a  significant 
association  between  kidney  stones  and  categorized  dioxin  (Table  17-4(e,f):  p>0.24  for 
unadjusted  and  adjusted  results).  Although  the  prevalence  rates  in  the  three  Ranch  Hand 
categories  did  not  differ  significantly  from  the  Comparison  group  prevalence  rate,  the 
percentage  of  abnormalities  decreased  from  the  low  Ranch  Hand  category  to  the  high  Ranch 
Hand  category,  which  was  consistent  with  the  results  of  Model  2.  The  lack  of  significant 
differences  between  the  Ranch  Hand  categories  and  Comparison  group  is  consistent  with  the 
results  of  Model  1 .  Age  was  the  only  significant  covariate  in  the  adjusted  analysis  of 
Model  3. 

As  presented  in  Table  17-4(g,h),  none  of  the  analyses  for  Models  4  through  6 
uncovered  a  significant  association  between  kidney  stones  and  current  dioxin  (p>0.51  for  all 
analyses).  Each  of  the  adjusted  analyses  for  Models  4  through  6  accounted  for  the  covariate 
age. 


Table  17-4. 

Analysis  of  Kidney  Stones 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPAKISONS  -  UNADJUSTED 


Occupatioital' 

Cat^ory 

Group 

n 

Percent 

Pt’esent 

Est.  Relative  Risk 
(95%  C.I.) 

p-Vahie 

All 

Ranch  Hand 

952 

3.0 

1.12  (0.68,1.84) 

0.755 

Comparison 

1,281 

2.7 

Officer 

Ranch  Hand 

367 

3.3 

0.91  (0.43,1.91) 

0.949 

Comparison 

502 

3.6 

Enlisted  Flyer 

Ranch  Hand 

162 

3.7 

1.26  (0.40,3.99) 

0.918 

Comparison 

203 

3.0 

Enlisted  Groimdcrew 

Ranch  Hand 

423 

2.6 

1.37  (0.59,3.19) 

0.605 

Comparison 

576 

1.9 

b)  MODEL  1 

:  RANCH  HANDS  VS. 

COMPARISONS  — 

ADJUSTED 

Occapational 

Cat^ory 

Adj.  Rdative  Risk 
(95%  Cl.) 

p-Value 

Covariate  Remarks® 

All 

1.11  (0.67,1.83) 

0.684 

AGE  (p  =0.004) 

Officer 

0.90  (0.43,1.89) 

0.777 

Enlisted  Flyer 

1.25  (0.39,3.95) 

0.709 

Enlisted  Groimdcrew 

1.37  (0.59,3.20) 

0.462 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  17-4.  (Continued) 
Analysis  of  Kidney  Stones 


c)  MODEL  2:  RANCH  HANDS  -  INTIIAL  DIOXIN  -  UNADJUSTED 


butial  Dtosdn  Cat^oiy  Summaiy  Statistics 

Analysis  Results  for  Logj  (Initial  Dioxin)^ 

Mtiai 

Dionn 

n 

Percent 

Present 

Estimated  Relative  Risk 
(95%  C.I.)'> 

p^'Value 

Low 

174 

5.2 

0.58  (0.36,0.94) 

0.016 

Mediiun 

173 

2.9 

High 

173 

1.7 

d)  MODEL  2:  RANCH  HANDS- 

-DHTIAL  DIOXIN- 

-ADJUSTED 

Analysis  Results  for  Log2  (Initia]  Dioxin)*^ 

n 

AdJ.  Rdative  Risk 
(95%  C.I.)*’ 

p-Value 

Covariate  Remarks 

520 

0.65  (0.39,1.07)** 

0.069** 

INIT*DIAB  (p=0.016) 

AGE  (p  =0.016) 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty,  change  in  percent  body  fat  from  the  time  of  duty  in  SEA  to 
the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks”  column. 

**  Log2  (initial  dioxin)-by-covariate  interaction  (0.01  <p<0.05);  adjusted  relative  risk,  confidence  interval,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  M-2-1  for 
further  analysis  of  this  interaction. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 

INIT  =  Log2  (initial  dioxin). 
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Table  17-4.  (Continued) 
Analysis  of  Kidney  Stones 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  IJNADJUt>"lJfcI> 


IKoxin  Category 

n 

Percent 

Present 

Est.  Relative  Risk 
(95%  C.L)®^ 

p-Value 

Comparison 

1,063 

2.5 

Background  RH 

374 

2.7 

1.02  (0.49,2.14) 

0.957 

Low  RH 

260 

3.8 

1.55  (0.74,3.25) 

0.246 

HighRH 

260 

2.7 

1.09  (0.47,2.54) 

0.839 

Low  plus  High  RH 

520 

3.3 

1.32  (0.71,2.46) 

0.377 

f)  MODEL  3;  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  ADJUSTED 


Dioxin  Cat^ory 

n 

Adj.  Relative  Risk 
(95%  C 

p-Value 

Covariate  Remarks 

Comparison 

1,063 

AGE  (p =0.020) 

Background  RH 

374 

0.97  (0.46,2.03) 

0.929 

Low  RH 

260 

1.49(0.71,3.14) 

0.291 

HighRH 

260 

1.23  (0.53,2.89) 

0.630 

Low  plus  High  RH 

520 

1.37  (0.74,2.56) 

0.316 

“  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

<=  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  ^  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  17-4.  (Continued) 
Analysis  of  Kidney  Stones 


g)  MODELS  4,  5,  AISD  6:  RANCH  HANDS  —  CURRENT  DIOXIN  -  UNADJUSTED 


Model’^ 

Current  Dioxin  Category 

Percent  Present/(B) 

Low  Medium  High 

Analysis  Results  for  Log2 
(Current  Dioxin  +  1) 

Est.  Relative  Risk 

(95%  €.1.)“  p-Value 

4 

2.0 

5.0 

2.0 

0.91  (0.70,1.20) 

0.510 

(295) 

(300) 

(299) 

5 

1.7 

5.1 

2.4 

0.94(0.75,1.18) 

0.613 

(300) 

(297) 

(297) 

6'= 

1.7 

5.1 

2.4 

0.94  (0.74,1.20) 

0.623 

(299) 

(297) 

(297) 

h)  MODELS  4,  5,  AND  6;  RANCH  HANDS  —  CURRENT  DIOXIN  —  ADJUSTED 
Analysis  Results  for  Log2  <Carrent  Dioxin  +  1) 

Adj.  Relative  Risk 


ModeP 

n 

(95%  CX)’’ 

p- Value 

Covariate  Remarks 

4 

894 

0.96  (0.72,1.27) 

0.766 

AGE  (p =0.057) 

5 

894 

0.98  (0.77,1.24) 

0.850 

AGE  (p =0.053) 

6** 

893 

0.98  (0.76,1.27) 

0.898 

AGE  (p=0.052) 

®  Model  4:  Logj  (lipid-adjusted  current  dioxin  -1-  1). 

Model  5:  Logj  (whole-weight  current  dioxin  -I-  1). 

Model  6:  Logj  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

**  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

Adjusted  for  logj  total  lipids. 

Adjusted  for  log,  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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Laboratory  Examination  Variables 

Urinary  Protein 

Table  17-5(a,b)  demonstrates  that  group  differences  in  the  presence  of  urinary  protein 
were  not  statistically  significant  (p>0.20  for  all  analyses).  Covariate  adjustment  for  the 
Model  1  analysis  accounted  for  age,  occupation,  and  diabetic  class. 

Analyses  of  Models  2  and  3  did  not  show  initial  dioxin  or  categorized  dioxin  to  be 
significantly  associated  with  urinary  protein  (Table  17-5(c-f):  p>0.15  for  all  analyses).  The 
adjusted  analysis  for  Model  2  accounted  for  diabetic  class,  while  the  adjusted  analysis  for 
Model  3  contained  the  covariates  age,  occupation,  and  diabetic  class. 

Table  17-5(g,h)  displays  results  for  the  current  dioxin  analysis  of  urinary  protein.  No 
statistically  significant  results  were  found  in  any  of  the  unadjusted  analyses  for  Models  4 
through  6  (p>0.36  for  each  unadjusted  analysis).  The  adjusted  analyses  for  Models  4,  5, 
and  6  each  had  a  significant  current  dioxin-by-diabetic  class  interaction  (Table  17-5(h): 
p=0.004,  p=0.012,  and  p=0.011  respectively).  Appendix  Table  M-2-2  presents  results 
stratified  by  each  level  of  diabetic  class.  The  relationship  between  dioxin  and  diabetes  is 
discussed  in  Chapter  18,  Endocrine  Assessment.  The  age-by-race  interaction  was  also 
significant  in  the  adjusted  analyses  of  Models  4  through  6.  Current  dioxin  was  not  found  to 
be  significantly  associated  with  urinary  protein  after  removing  the  current  dioxin-by-diabetic 
class  interaction  from  the  final  adjusted  models  (Table  17-5(h):  p>0.53  for  all  analyses). 

Urinary  Red  Blood  Cell  Count 

The  percentage  of  participants  with  abnormal  urinary  red  blood  cell  counts  did  not 
differ  significantly  between  the  Ranch  Hand  and  Comparison  groups  in  the  Model  1  analyses 
(Table  17-6(a,b):  p>0.17  for  each  analysis).  The  adjusted  analysis  accounted  for  age,  race, 
and  occupation. 

No  significant  association  was  detected  between  initial  dioxin  and  urinary  red  blood  cell 
count  in  the  unadjusted  and  adjusted  analyses  of  Model  2  (Table  17-6(c-d):  p>0.28  for  all 
analyses),  even  though  Ranch  Hands  in  the  medium  category  of  initial  dioxin  had  noticeably 
more  abnormalities  than  Ranch  Hands  in  the  low  or  high  categories.  The  percentages  of 
abnormalities  for  the  low,  medium,  and  high  categories  of  initial  dioxin  were  1.7,  6.9,  and 
3.5  respectively.  Covariate  adjustment  in  Model  2  accounted  for  age.  By  contrast,  the 
unadjusted  analysis  for  Model  3  found  a  significantly  higher  percentage  of  urinary  red  blood 
cell  count  abnormalities  in  the  high  Ranch  Hand  category  (5.8%)  than  in  the  Comparison 
category  (2.0%)  (Table  17-6(e):  p=0.002,  Est.  RR=3.00,  95%  C. I.  =[1.51,  5.93]).  The 
unadjusted  relative  risk  was  also  significant  for  the  low  plus  high  Ranch  Hand  category 
(Table  17-6(e):  p=0.019,  Est.  RR=2.10,  95%  C.I.  =  [1.13,  3.90]).  In  the  low  plus  high 
category,  4.1  percent  of  participants  had  urinary  red  blood  cell  count  abnormalities. 

The  adjusted  analysis  for  Model  3  contained  a  significant  categorized  dioxin-by¬ 
occupation  interaction  (Table  17-6(f):  p=0.013)  plus  two  significant  covariates,  age  and  race. 
Appendix  Table  M-2-3  displays  results  stratified  by  occupation.  To  examine  the  relationship 
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Table  17-5. 

Analysis  of  Urinary  Protein 


a)  MODEL  1:  RANC3I  HANDS  VS.  COMPARISONS  ~  UNADJUSTED 


Occapationai 

Cat^ory 

Group 

n 

Perc«it  1 
Present  . 

.  Est.  l^lalive  Rtek 
(95%  C  J.) 

1.  p-Vsdue 

All 

Ranch  Hand 

950 

4.6 

1.02  (0.68,1.53) 

0.995 

Comparison 

1,279 

4.5 

Officer 

Ranch  Hand 

367 

4.6 

1.69  (0.82,3.48) 

0.207 

Comparison 

502 

2.8 

Enlisted  Flyer 

Ranch  Hand 

161 

2>.l 

0.67  (0.24,1.86) 

0.603 

Comparison 

202 

5.4 

Enlisted  Groundcrew 

Ranch  Hand 

422 

5.0 

0.86  (0.49,1.51) 

0.701 

Comparison 

575 

5.7 

b>  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  ADJUSTED 


Occapatidnal 

A<l|i.  Relative  Risk 

Cat^ory  • 

<95%  C.L) 

p-Value 

Covaiiate  Remarks® 

All 

1.00  (0.66,1.51) 

0.999 

AGE  (p=0.006) 

Officer 

.  1.52(0.73,3.16) 

0.263 

OCC  (p =0.038) 

DIAB  (p<  0.001) 

Enlisted  Flyer 

0.70  (0.25,1.96) 

0.493 

Enlisted  Groundcrew 

0.87  (0.49,1.55) 

0.634 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  17-5.  (Continued) 
Analysis  of  Urinary  Protein 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  tJNADJHSTED 


Diitial  Di^n  Category  Summary  Statistics 

Analysis  Results  for  Lofe  (Initial  Dioxin)® 

biitial 

Dioxin 

a 

Percent 

Present 

Estimated  Rdative  Risk 
(95%  C.!.)** 

p-Value 

Low 

173 

3.5 

1.18  (0.87,1.59) 

0.287 

Medium 

173 

3.5 

High 

172 

5.2 

d>  MODEL  2:  RANCH  HANDS -INITIAL  DIOXIN -ADJUSTED 
Analysis  Results  for  L<^2  (batial  Dioxin)® 

Ad|j.  Rd^ive  Risk 

o  <95%  C.I.)'’  p-Value  _ Covariate  Remarks _ 

518 _ 1,14(0.85,1.54) _ 0J83 _ DIAB  (p =0.015) 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  and  change  in  percent  body  fat  from  the  time  of  duty  in  SEA 
to  the  date  of  the  blood  draw  for  dioxin. 

*’  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  17-5.  (Continued) 
Analysis  of  Urinary  Protein 


e)  MODEL  3;  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  UNADJUSTED 


Dioxin  Cat^oiy 

n 

Percent 

Present 

Est.  Relative  Risk 
(95%  C.I.)** 

p-Value 

Comparison 

1,062 

4.5 

Background  RH 

374 

4.8 

1.31  (0.75,2.31) 

0.345 

LowRH 

259 

3.5 

0.67  (0.32,1.39) 

0.280 

HighRH 

259 

4.6 

0.87  (0.45,1.68) 

0.677 

Low  plus  High  RH 

518 

4.1 

0.77  (0.45,1.31) 

0.334 

f)  MODEL  3; 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

Adj.  Relative  Risk 

Dioxin  Cat^ory 

n 

(95%C.L)“= 

p-Valne 

Covariate  Remarks 

Comparison 

1,061 

AGE  (p =0.062) 

OCC  (p =0.078) 

Background  RH 

373 

1.55  (0.85,2.83) 

0.153 

DIAB  (p  <0.001) 

LowRH 

259 

0.60  (0.28,1.28) 

0.188 

HighRH 

259 

0.76  (0.38,1.51) 

0.427 

Low  plus  High  RH 

518 

0.68  (0.39,1.18) 

0.168 

“  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


**  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

'  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  17-5.  (Continued) 
Analysis  of  Urinary  Protein 


g)  MODELS  4,  5,  AISD  6:  RANCH  HANDS  —  CURRENT  DIOXIN  —  tJNADJUSTED 


Model® 

Low 

Current  Dioxin  Category 
Percent  Present/(n) 

Medium 

Higii 

Analysis  Results  for  Log^ 

(Current  Dioxin  +  1) 

Est.  Relative  Risk 

(95%  CJ.)**  p-Value 

4 

5 

6= 

4.1 

(295) 

4.0 

(300) 

4.0 

(299) 

5.0 

(299) 

4.1 

(296) 

4.1 

(296) 

4.0 

(298) 

5.1 

(296) 

5.1 

(296) 

1.09  (0.88,1.36)  0.417 

1.09  (0.90,1.32)  0.361 

1.07  (0.88,1.31)  0.500 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  — 

C3URRENT  DIOXIN  --  ADJUSTED 

Model® 

n 

Analysis  Results  for  Log2  (Current  Dioxin  +  1) 

Adj.  Relative  Risk 

(95%  C.!.)**  p-Value  Covariate  Remarks 

4 

891 

1.08  (0.85,1.36)** 

0.538** 

CURR*DIAB  (p =0.004) 

AGE*RACE  (p=0.018) 

5 

891 

1.06  (0.86,1.30)** 

‘  0.576** 

CURR*DIAB  (p =0.012) 

AGE*RACE  (p=0.020) 

890 

1.07  (0.86,1.34)** 

0.536** 

CURR*DIAB  (p =0.011) 

AGE*RACE  (p=0.019) 

®  Model  4: 
Model  5: 
Model  6: 

Log2  (lipid-adjusted  current  dioxin  -1-1). 

Log2  (whole-weight  current  dioxin  -1-1). 

Log2  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

Relative  risk  for  a  twofold  increase  in  current  dioxin. 

Adjusted  for  logj  total  lipids. 

Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (current  dioxin  +  l)-by-covariate  interaction  (p<0.05);  adjusted  relative  risk,  confidence  interval,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  M-2-2  for 
further  analysis  of  this  interaction. 

Note:  Model  4:  Lx)w  =  :<  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 

CURR  =  Log2  (current  dioxin  -1-  1). 


17-24 


Table  17-6. 

Analysis  of  Urinary  Red  Blood  Cell  Count 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


Occapational 

Cat^oiy 

Group  - 

n 

Perc«it 

Abnormal 

Est.  Relative  Risk 
(95%  C.I.> 

p-Value 

All 

Ranch  Hand 

950 

3.3 

1.40  (0.84,2.34) 

0.237 

Comparison 

1,279 

2.3 

Officer 

Ranch  Hand 

367 

2.5 

2.08  (0.73,5.89) 

0.254 

Comparison 

502 

1.2 

Enlisted  Flyer 

Ranch  Hand 

161 

2.5 

1.26  (0.31,5.12) 

0.999 

Comparison 

202 

2.0 

Enlisted  Groundcrew 

Ranch  Hand 

422 

4.3 

1.24  (0.65,2.37) 

0.636 

Comparison 

575 

3.5 

b)  MODEL  1 

;  RANCH  HANDS  VS.  COMPARISONS  - 

ADJUSTED 

Occupational 

A^.  Relative  Risk 

Cat^ory 

(95%C.I.) 

p-Value 

Coyariate  Remarks^ 

All 

1.41  (0.84,2.35) 

0.190 

AGE  (p=0.014) 

Officer 

2.04  (0.72,5.80) 

0.179 

RACE  (p=0.025) 

OCC  (p=0.005) 

Enlisted  Flyer 

1.27(0.31,5.17) 

0.741 

Enlisted  Groimdcrew 

1.24  (0.65,2.38) 

0.518 

“  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  17-6.  (Continued) 

Analysis  of  Urinary  Red  Blood  Cell  Count 


c)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Category  Sununaty  Statistics 

Analysis  Results  for  Log2  (initial  Dioxin)^ 

Liltial . 
Dioxin 

Jd 

Percent 

Abnonnal 

Estimated  Relative  Risk 
(95%  C-I.)” 

p-Value 

Low 

173 

1.7 

1.10  (0.79,1.52) 

0.582 

Medium 

173 

6.9 

High 

172 

3.5 

_ d)  MODEL  2:  RANCH  HANDS  -  INITIAL  D10XB>J  —  ADJUSTED _ _ 

Analysis  Results  for  Log^  (Initial  Dioxin)^ 

Adj.  Rdative  RJidc 

n  (95%  C.I.)*’  _ p-Value _ Covariate  Remarks 

518 _ 1.21  (0.86,1.69) _ 0.282 _ AGE  (p =0.055) 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  17-6.  (Continued) 

Analysis  of  Urinary  Red  Blood  Cell  Count 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

-^ADJUSTED 

Dioxin  Category 

n 

Percent 

Abnormal 

Est.  Relative  Risk 
(95%  €.1.)“* 

p-Value 

Comparison 

1,062 

2.0 

Background  RH 

374 

2.1 

1.08  (0.47,2.47) 

0.858 

LowRH 

259 

2.3 

1.21  (0.48,3.03) 

0.688 

HighRH 

259 

5.8 

3.00(1.51,5.93) 

0.002 

Low  plus  High  RH 

518 

4.1 

2.10  (1.13,3.90) 

0.019 

©MODEL  3: 

RM^CH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  --  ADJUSTED 

Adj.  Relative  Risk 

Dioxin  Cat^ory 

(95%  C.I.)®® 

p-Valne 

Covariate  Remailcs 

Comparison 

1,062 

DXCAT*OCC  (p=0.013) 

AGE  (p=0.016) 

Background  RH 

374 

1.17  (0.50,2.75)** 

0.712** 

RACE  (p=0.006) 

LowRH 

259 

1.10  (0.44,2.79)** 

0.835** 

HighRH 

259 

2.98  (1.45,6.14)** 

0.003** 

Low  plus  High  RH 

518 

1.97  (1.05,3.68)** 

0.035** 

®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Categorized  dioxin-by-covariate  interaction  (0.01  <p  <0.05);  adjusted  relative  risk,  confidence  interval,  and 
p-value  derived  from  a  model  after  deletion  of  this  interaction;  refer  to  Appendix  Table  M-2-3  for  fiirther 
analysis  of  this  interaction. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 

DXCAT  =  Categorized  dioxin. 
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Table  17-6.  (Continued) 

Analysis  of  Urinary  Red  Blood  Cell  Count 


g)  MODELS  4,  5,  AND  6;  RANCH  HANDS  —  CURRENT  DIOXIN  —  UNADJUSTED 


Current  Dioxin  Category 
Percent  Abnomiai/(n) 

Analysis  Results  for  Log2 
(Current  Dioxin  +  1) 

Est.  Relative  Risk 

Model* 

Low 

Medium 

EKgh 

(95%  CiD^* 

p^Value 

4 

1.7 

3.3 

4.7 

1.18  (0.92,1.50) 

0.197 

(295) 

(299) 

(298) 

5 

1.7 

3.4 

4.7 

1.16  (0.93,1.44) 

0.194 

(300) 

(296) 

(296) 

1.7 

3.4 

4.7 

1.16  (0.92,1.46) 

0.224 

(299) 

(296) 

(296) 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  ADJUSTED 


Model* 

n 

Analysis  Results  for  Log2  (Current  Dioxin  +  1) 

A4i*  Relative  Risk 

(95%  C-I.)**  p-Valne  Covariate  Remarks 

4 

892 

1.13  (0.86,1.50)** 

0.384** 

CURR*OCC  (p=0.013) 

5 

892 

1.12  (0.87,1.43)** 

0.371** 

CURR*OCC  (p =0.024) 

6** 

891 

1.11  (0.86,1.45)** 

0.417** 

CURR*OCC  (p=0.019) 

®  Model  4:  Log2  (lipid-adjusted  current  dioxin  -(-  1). 

Model  5:  Logj  (whole-weight  current  dioxin  +  1). 

Model  6:  Log2  (whole-weight  current  dioxin  -I-  1),  adjusted  for  log2  total  lipids. 

*’  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

®  Adjusted  for  log2  total  lipids. 

Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (current  dioxin  +  l)-by-covariate  interaction  (0.01  <p ^0.05);  adjusted  relative  risk,  confidence 
interval,  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  M-2- 
3  for  further  analysis  of  this  interaction. 

Note;  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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between  categorized  dioxin  and  urinaiy  red  blood  cell  count,  the  categorized  dioxin-by¬ 
occupation  interaction  was  removed  from  the  adjusted  analysis  of  Model  3.  Without  the 
interaction,  the  relative  risk  for  the  high  Ranch  Hand  category  remained  significant  after 
adjusting  for  age,  race,  and  occupation  (Table  17-6(f):  p=0.003,  Adj.  RR=2.98,  95% 

C.I.  =[1.45,  6.14]).  In  addition,  a  significant  adjusted  relative  risk  was  observed  for  the  low 
plus  high  Ranch  Hand  category  (Table  17-6(f):  p=0.035,  Adj.  RR=1.97,  95%  C.I.  =[1.05, 
3.68]). 

As  shown  in  Table  17-6(g),  the  unadjusted  results  for  Models  4  through  6  did  not 
display  a  significant  association  between  urinary  red  blood  cell  count  and  current  dioxin 
(p>0.19  for  each  model).  Each  of  the  adjusted  analyses  for  Models  4,  5,  and  6  contained  a 
significant  current  dioxin-by-occupation  interaction  (Table  17-6(h):  p=0.013,  p=0.024,  and 
p =0.019  respectively).  Appendix  Table  M-2-3  displays  stratified  results  for  this  interaction. 
The  current  dioxin-by-occupation  interaction  was  the  only  co variate  in  Models  4  through  6. 
Current  dioxin  was  not  found  to  be  significantly  associated  with  urinary  protein  when  current 
dioxin-by-occupation  was  removed  from  the  final  adjusted  models  (Table  17-6(g,h);  p>0.37 
for  each  model). 

Urinary  White  Blood  Cell  Count 

The  unadjusted  and  adjusted  analyses  of  Model  1  did  not  find  a  significant  difference  in 
abnormal  urinaiy  white  blood  cell  counts  between  the  Ranch  Hand  and  Comparison  groups 
(Table  17-7(a,b):  p=0.222  and  p=0.208  respectively).  The  final  model  in  the  adjusted 
analysis  for  Model  1  contained  the  covariates  age,  occupation,  and  diabetic  class.  However, 
stratifying  the  Model  1  analyses  by  occupation  revealed  a  statistically  significant  association 
between  group  and  urinary  white  blood  cell  count  for  enlisted  groundcrew.  For  the 
unadjusted  analysis,  the  percentage  of  enlisted  groundcrew  Ranch  Hands  with  abnormalities 
(4.5%)  was  significantly  greater  than  the  percentage  of  enlisted  groundcrew  Comparisons 
with  abnormalities  (2.1%)  (Table  17-7(a):  p=0.047,  Est.  RR=2.21,  95%  C.I.  =  [1.06, 
4.61]).  The  relative  risk  remained  significant  after  adjusting  for  age,  occupation,  and 
diabetic  class  (Table  17-7(b):  p=0.033,  Adj.  RR=2.23,  95%  C.I.  =  [1.07,  4.67]). 

The  initial  dioxin  and  categorized  dioxin  analyses  (Models  2  and  3)  for  urinary  white 
blood  cell  count  did  not  imcover  any  statistically  significant  results  (Table  17-7(c-f):  p>0.16 
for  all  analyses).  For  Model  2,  the  final  model  for  the  adjusted  analysis  was  the  same  as  the 
unadjusted  model,  whereas  the  adjusted  analysis  for  Model  3  included  the  covariates  age, 
occupation,  and  race. 

Similar  to  the  results  of  Models  2  and  3,  the  unadjusted  and  adjusted  analyses  for 
Models  4  through  6  did  not  detect  a  significant  relationship  between  urinary  white  blood  cell 
count  and  current  dioxin  (Table  17-7(g,h):  p>0.42  for  all  analyses).  For  each  of  the  three 
models,  the  adjusted  results  accounted  for  die  covariates  age  and  occupation. 

Serum  Creatinine 

Examination  of  the  unadjusted  results  for  Model  1  revealed  no  significant  group 
difference  in  the  mean  levels  of  serum  creatinine  (Table  17-8(a):  p>0.77  for  all  contrasts). 
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Table  17-7. 

Analysis  of  Urinary  White  Blood  Cell  Count 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


Occupational 

Category 

Group 

n 

Percent 

Abnonnal 

Est.  Relative  Risk 
(95%  CJ.) 

:p*VaIue 

All 

Ranch  Hand 

950 

3.5 

1.40  (0.86,2.30) 

0.222 

Comparison 

1,279 

2.5 

Officer 

Ranch  Hand 

367 

1.9 

0.96  (0.36,2.54) 

0.999 

Comparison 

502 

2.0 

Enlisted  Flyer 

Ranch  Hand 

161 

4.3 

0.87  (0.32,2.35) 

0.984 

Comparison 

202 

5.0 

Enlisted  Groundcrew 

Ranch  Hand 

422 

4.5 

2.21  (1.06,4.61) 

0.047 

Comparison 

575 

2.1 

b)  MODEL  1;  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 


Occupational  ■  A<y .  Relative  Risk 

Cat^ory  (95%  CJi.) _ p-Value _ Covariate  Remarks^ 


AU 

1.38  (0.84,2.27) 

0.208 

AGE  (p =0.015) 

OCC  (p =0.007) 

Officer 

0.91  (0.34,2.42) 

0.850 

DIAB  (p =0.082) 

Enlisted  Flyer 

0.87  (0.32,2.36) 

0.792 

Enlisted  Groundcrew 

2.23  (1.07,4.67) 

0.033 

s  3jid  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  17-7.  (Continued) 

Analysis  of  Urinary  White  Blood  Cell  Count 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Initiaii  IMoxin  Cat^ry  Summary  Statistics 

Andysis  Results  for  Logj  (Initisd  Dioxin)^ 

boitial 

Dhedn  ^ 

n 

Percent 

Abnormal 

Estimated  Relative  Risk 
(95%  €.!.)'> 

p-^Valne 

Low 

173 

3.5 

0.94  (0.66,1-34) 

0.736 

Medium 

173 

4.0 

High 

172 

3.5 

■ _  d)  MODEL  2;  RANCH  HANDS  -  INITIAL  DIOXIN  —  ADJUSTED _ 

Analysis  Results  for  Logj  (Initial  Dioxin)^ 

Adj.  Rdative  Risk 

a _ (95%  C.I.)*’ _  p-Valoe _ Covariate  Remarks _ 

518 _ 0.94  (0.664.34) _ 0.736 _ 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  17-7.  (Continued) 

Analysis  of  Urinary  White  Blood  Cell  Count 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXB»f  CATEGORY  -  UNADJUSTED 


IHoxin  Category 

n 

Percent 

Abnormal 

.  £^.  Reiatiye  Risk 
(95%  C.I.)** 

p-Value 

Comparison 

1,062 

2.4 

Background  RH 

374 

2.4 

1.06  (0.49,2.30) 

0.887 

LowRH 

259 

3.5 

1.45  (0.67,3.16) 

0.346 

HighRH 

259 

3.9 

1.63  (0.77,3.45) 

0.202 

Low  plus  High  RH 

518 

3.7 

1.54  (0.84,2.83) 

0.165 

f)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  AIMUSTED 

Adj.  Relative  Risk 

Dioxin  Cat^ory 

n 

(95%  C  J,)"" 

p-Value 

Covariate  Remarks 

Comparison 

1,062 

AGE  (p  =0.005) 

OCC  (p =0.046) 

Background  RH 

374 

1.21  (0.55,2.68) 

0.640 

RACE  (p=0. 133) 

LowRH 

259 

1.37  (0.62,2.99) 

0.434 

HighRH 

259 

1.47  (0.68,3.18) 

0.333 

Low  plus  High  RH 

518 

1.42  (0.76,2.62) 

0.270 

“  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  and  change  in  percent  body  fat  from  the  time  of 
duty  in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

'  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  firom  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note;  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  17-7.  (Continued) 

Analysis  of  Urinary  White  Blood  Cell  Count 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  —  CURRENT  DIOXIN  —  UNADJUSTED 


-  . 

Corrent  Dionn  Cat^ory 
Tercent  Abnotmal/(n) 

Analysis  Results  for  Log2 
(Current  Dioxin  H-  1) 

ModeP 

Low 

Medium 

Higli 

Est  Relative  Risk 
(95%  C.!.)” 

p-Value 

4 

2.4 

(295) 

3.0 

(299) 

4.0 

(298) 

1.08(0.84,1.40) 

0.533 

5 

2.3 

(300) 

3.0 

(296) 

4.1 

(296) 

1.06  (0.85,1.33) 

0.579 

6' 

2.3 

(299) 

3.0 

(296) 

4.1 

(296) 

1.10(0.87,1.40) 

0.424 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  —  ADJUSTED 


Analysis  Results  for  Logj  (Curr«it  Dioxin  +  1) 

Model® 

n 

AdJ.  Relative  Risk 
{95%  C.L)'> 

p-Value 

Covariate  Remarks 

4 

892 

0.95  (0.72,1.24) 

0.684 

AGE  (p=0.023) 

OCC  (p=0.008) 

5 

892 

0.95  (0.75,1.19) 

0.644 

AGE  (p=0.023) 

OCC  (p=0.007) 

6“ 

891 

0.98  (0.76,1.26) 

0.881 

AGE  (p=0.018) 

OCC  (p=0.008) 

®  Model  4:  Logj  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Logj  (whole-weight  current  dioxin  +  1). 

Model  6:  Log2  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

Relative  risk  for  a  twofold  increase  in  current  dioxin. 

Adjusted  for  logj  total  lipids. 

''  Adjusted  for  logs  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  ^  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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Table  17-8. 

Analysis  of  Serum  Creatinine  (mg/dl) 


a)  MODEL  1:  RANCH  HANDS  VS.  C0MPARIS03SS  —  DNADJUSTBD 


Occupational' 

Category 

Group 

n 

Mean^ 

DiHerence  of  Means 
(95%  C.!.)” 

p-Value‘ 

All 

Ranch  Hand 

952 

0.9741 

0.0005  - 

0.943 

Comparison 

1,280 

0.9737 

Officer 

Ranch  Hand 

367 

0.9792 

-0.0002  ~ 

0.981 

Comparison 

502 

0.9795 

Enlisted  Flyer 

Ranch  Hand 

162 

0.9616 

0.0044  ~ 

0.777 

Comparison 

202 

0.9572 

Enlisted  Groundcrew 

Ranch  Hand 

423 

0.9746 

0.0002  ~ 

0.988 

Comparison 

576 

0.9744 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  ADJUSTED 


Difference  of 

Occupational 

Category 

Group 

n 

Adj. 

Mean® 

Adj.  Means 
(95%  C.!.)” 

^Value*^ 

CoTariate  Remaiits^ 

All 

Ranch  Hand 

951 

1.0031** 

0.0002-** 

0.972** 

GROUP*DIAB  (p =0.006) 

Officer 

Comparison 

Ranch  Hand 
Comparison 

1,279 

2,61 

502 

1.0028** 

1.0057** 

1.0047** 

0.0010  -** 

0.929** 

RACE  (p <0.001) 
AGE*DIAB  (p =0.041) 
OCC*DIAB  {p=0.015) 

Enlisted  Flyer 

Ranch  Hand 

162 

0.9817** 

0.0036  -** 

0.831** 

Comparison 

202 

0.9782** 

Enlisted  Groimdcrew 

Ranch  Hand. 

422 

1.0235** 

-0.0017  --** 

0.873** 

Comparison 

575 

1.0252** 

^  Transformed  from  natural  logarithm  scale. 

^  Difference  of  adjusted  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of 
adjusted  means  not  presented  because  analysis  was  performed  on  natural  logarithm  scale. 

^  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

^  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 

**  Group-by-covariate  interaction  (p<0.05);  adjusted  mean,  difference  of  adjusted  means,  confidence  interval, 
and  p“Value  derived  from  a  model  after  deletion  of  this  interaction;  refer  to  Appendix  Table  M-2-4  for 
further  analysis  of  this  interaction. 
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Table  17-8.  (Continued) 
Analysis  of  Serum  Creatinine  (mg/dl) 


c)  MODEL  2: 

RANCH  HANDS  —  INITIAL  DIOXIN  - 

-UNADJUSTED 

Ini^l  Dioxin  Category  Summary  Statistics 

.  Artalyds  Results  for  Logj  (Initial  IHoxtn)'’ 

Initial 
Dioxin . 

"•:ii 

Mean^ 

Adj. 

■  Meari*** 

R^ 

iSope 

(Std.  Error)'  v: 

p-Value 

Low 

174 

1.0058 

1.0063 

0.005 

-0.0093  (0.0066) 

0.161 

Medium 

173 

0.9564 

0.9568 

High 

173 

0.9680 

0.9670 

d)  MODEL  2:  RANCH  HANDS  -  INTIIAL  DIOXIN  -  ADJUSTED 


Initial  Dioxin  Category  ; 
Sununaiy  Statistics 


Analysis  Results  for  Logj  (Initial  Dioxin)^ 


Initial 

Dioxin 

n 

Adj: 

Mean"* 

R2 

Adj.  Slope 
(Std.  Error)' 

p-Value 

Covariate  Remarks 

Low 

174 

1.0413** 

0.061 

-0.0086  (0.0069)** 

0.214** 

INIT*D1AB  (p=0.017) 

RACE  (p =0.091) 

Medium 

173 

0.9949** 

AGE*D1AB  (p=0.018) 

High 

173 

1.0030** 

‘  Transformed  from  natural  logarithm  scale. 


*’  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


Slope  and  standard  error  based  on  natural  logarithm  of  serum  creatinine  versus  log2  (initial  dioxin). 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  imder  "Covariate  Remarks"  column. 

**  Log2  (initial  dioxin)-by-covariate  interaction  (0.01  <p<0.05);  adjusted  mean,  slope,  standard  error,  and 
p-value  derived  from  a  model  after  deletion  of  this  interaction;  refer  to  Appendix  Table  M-2-4 
for  further  analysis  of  this  interaction. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  17-8.  (Continued) 


Analysis  of  Serum  Creatinine  (mg/dl) 

e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 

Dioxin  Cat^ory 

n 

Memi^ 

Adj. 

Mean^ 

IKfferaice  of  Adj. 
Mean  vs.  Comparisons 
(95%  C.L)‘= 

l^Valiie^ 

Comparison 

1,063 

0.9717 

0.9716 

Background  RH 

374 

0.9647 

0.9676 

-0.0041- 

0.678 

Low  RH 

260 

0.9910 

0.9894 

0.0178- 

0.116 

HighRH 

260 

0.9624 

0.9600 

-0.0116- 

0.298 

Low  plus  High  RH 

520 

0.9766 

0.9746 

0.0030- 

0.728 

©MODELS:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  ADJUSTED 


IMfference  of  Adj.  : 

Adj. 

Mean  vs.  Comparisons 

Dioxin  Category 

n 

Mean^* 

(95%  C.L)^  ; 

p-Value** 

Covaiiate  Ranarks 

Comparison 

1,062 

0.9953** 

DXCAT*DIAB  (p=0.002) 

AGE*RACE  (p=0.050) 

Background  RH 

373 

0.9872** 

-0.0081-** 

0.424** 

AGE*DIAB  (p  =0.032) 
OCC*DIAB  (p=0.018) 

LowRH 

260 

1.0095** 

0.0142-** 

0.217** 

HighRH 

260 

0.9893** 

-0.0060-** 

0.606** 

Low  plus  High  RH 

520 

1.0001** 

0.0048-** 

0.624** 

®  Transfonned  from  natural  logarithm  scale. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  and  change  in  percent  body  fat  from  the  time  of 
duty  in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Difference  of  adjusted  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of 
adjusted  mpans  not  presented  because  analysis  was  performed  on  natural  logarithm  scale. 

P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Categorized  dioxin-by-covariate  interaction  (p^O.05);  adjusted  mean,  difference  of  adjusted  means, 
confidence  interval,  and  p-value  derived  from  a  model  after  deletion  of  this  interaction;  refer  to  Appendix 
Table  M-2-4  for  further  analysis  of  this  interaction. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  ^10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  17-8.  (Continued) 
Analysis  of  Serum  Creatinine  (mg/dl) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  UNADJUSTED 


-  . 

Current  Dioxin  Category  . 
Mean^/(n) 

Analysis  Results  for  LQg2 
(Current  Dioxin  4-  1) 

iiiiiiili 

Low 

Medium 

Higb 

R^ 

■Slope 

(Std.  Error)*^ . 

p-Valne 

4 

0.9679 

0.9850 

0.9618 

<0.001 

0.0011  (0.0042) 

0.797 

(295) 

(300) 

(299) 

5 

0.9635 

0.9840 

0.9674 

<0.001 

0.0021  (0.0036) 

0.571 

(300) 

(297) 

(297) 

6'“ 

0.9646 

0.9840 

0.9674 

<0.001 

0.0007  (0.0039) 

0.863 

(299) 

(297) 

(297) 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  ADJUSTED 


Curroit  Dioxin  Categoty 
Adjusted  Mean^/(n) 

Analysis  Results  for  Logj 
(Current  Dioxin  -1-  1) 

Model*’ 

Low 

Medium 

mgh 

R^ 

Adj.  Slope 
(Std.  Eitm) 

^  p-Value 

Covariate  Rematics 

4 

1.0155 

(294) 

1.0251 

(300) 

1.0080 

(299) 

0.035 

0.0017 

(0.0044) 

0.697 

RACE  (p=0.001) 
AGE*D1AB  (p=0.001) 

5 

1.0100 

(299) 

1.0224 

(297) 

1.0134 

(297) 

0.035 

0.0027 

(0.0037) 

0.473 

RACE  (p =0.001) 
AGE*DIAB  (p=0.001) 

6* 

1.0130 

(298) 

1.0227 

(297) 

1.0113 

(297) 

0.035 

0.0010 

(0.0040) 

0.796 

RACE  (p=0.001) 
AGE*D1AB  (p=0.001) 

^  Transformed  from  natural  logarithm  scale. 

*’  Model  4:  Log2  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Logj  (whole-weight  current  dioxin  +  1). 

Model  6:  Log2  (whole-weight  current  dioxin  -I-  1),  adjusted  for  log2  total  lipids. 

Slope  and  standard  error  based  on  natural  logarithm  of  serum  creatinine  versus  logj  (current  dioxin  -f  1). 
Adjusted  for  log2  total  lipids. 

*  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  colunm. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  ^  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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The  adjusted  analysis  of  Model  1  found  a  significant  group-by-diabetic  class  interaction 
(Table  17-8(b):  p =0.006).  Appendix  Table  M-2-4  presents  results  stratified  by  each  level  of 
diabetic  class.  Race  and  the  age-by-diabetic  class  and  occupation-by-diabetic  class 
interactions  were  also  significant  in  the  final  model.  Removing  the  group-by-diabetic  class 
interaction  from  the  adjusted  model  resulted  in  no  significant  association  between  group  and 
serum  creatinine  (Table  17-8(b):  p>0.83  for  all  contrasts). 

The  unadjusted  analyses  for  Models  2  and  3  did  not  show  initial  dioxin  or  categorized 
dioxin  to  be  significantly  associated  with  serum  creatinine  (Table  17-8(c,e):  p>0.11  for  all 
analyses).  However,  the  adjusted  analysis  for  Model  2  revealed  a  significant  initial  dioxin- 
by-diabetic  class  interaction  (Table  17-8(d):  p=0.017).  Appendix  Table  M-2-4  displays 
results  stratified  by  diabetic  class.  The  race  covariate  and  the  age-by-diabetic  class 
interaction  also  were  retained  in  the  adjusted  analysis  for  Model  2.  No  significant 
relationship  between  initial  dioxin  and  serum  creatinine  was  observed  when  initial  dioxin-by¬ 
diabetic  class  was  removed  from  the  final  adjusted  model  (Table  17-8(d):  p=0.214).  The 
categorized  dioxin-by-diabetic  class  adjusted  analysis  of  Model  3  (Table  17-8(f):  p= 0.002). 
Appendix  Table  M-2-4  presents  results  stratified  by  diabetic  class.  The  interactions  age-by¬ 
race,  age-by-diabetic  class,  and  occupation-by-diabetic  class  also  were  significant  in  the 
adjusted  analysis  of  Model  3.  After  deleting  the  categorized  dioxin-by-diabetic  class 
interaction  from  the  final  model,  serum  creatinine  was  not  significantly  associated  with 
current  dioxin  (Table  17-8(f):  p>0.21  for  all  contrasts). 

No  significant  association  between  current  dioxin  and  serum  creatinine  was  detected  in 
the  analyses  of  Models  4  through  6  (Table  17-8(g,h):  p>0.47  for  all  analyses).  Each  of  the 
three  models  adjusted  for  a  race  covariate  and  the  age-by-diabetic  class  interaction. 

Urine  Specific  Gravity 

The  Model  1  analysis  did  not  detect  a  significant  group  difference  in  the  mean  levels  of 
urine  specific  gravity  (Table  17-9(a,b):  p>0.15  for  all  analyses).  The  adjusted  analysis 
accounted  for  the  occupation  covariate  and  the  age-by-diabetic  class  interaction. 

The  initial  and  categorized  dioxin  results  (Models  2  and  3)  also  were  not  significant 
(Table  17-9(c-f):  p>0.14  for  imadjusted  and  adjusted  analyses).  Model  2  had  a  significant 
initial  dioxin-by-age  interaction  in  the  final  adjusted  model  (Table  17-9(d):  p=0.024). 
Appendix  Table  M-2-5  presents  stratified  results  to  examine  this  interaction.  Besides  the 
initial  dioxin-by-age  interaction,  occupation  was  significant  in  the  adjusted  analysis  of 
Model  2.  After  deleting  the  initial  dioxin-by-age  interaction  from  the  final  model,  urine 
specific  gravity  was  not  significantly  associated  with  initial  dioxin  (Table  17-9(d):  p=0.231). 
For  Model  3,  covariate  adjustment  accounted  for  occupation  and  diabetic  class. 

The  unadjusted  results  for  Models  4  through  6  showed  a  significant  positive  association 
between  current  dioxin  levels  and  urine  specific  gravity  (Table  17-9(g):  p=0.013,  Est. 
slope=0.0004;  p=0.007,  Est.  slope=0.0003;  p=0.027,  Est.  slope=0.0003  for  Models  4,  5, 
and  6  respectively).  The  adjusted  results  were  identical  to  the  unadjusted  results  for  Models 
4  and  5  because  no  covariates  were  retained.  By  contrast,  the  association  with  current  dioxin 
became  nonsignificant  in  Model  6  after  adjusting  for  occupation  (Table  17-9(h):  p=0.123, 
Adj.  slope =0.0002). 
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Table  17-9. 

Analysis  of  Urine  SpeciHc  Gravity 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


Occupational 

Cati^ory 

Group 

n 

Mean 

Difference  of  Means 
(95%  C.L) 

p-Value 

All 

Ranch  Hand 

950 

1.0187 

-0.0002  (-0.0007,0.0003) 

0.489 

Comparison 

1,279 

1.0189 

Officer 

Ranch  Hand 

367 

1.0183 

0.0002  (-0.0007,0.0010) 

0.662 

Comparison 

502 

1.0181 

Enlisted  Flyer 

Ranch  Hand 

161 

1.0177 

-0.0010  (-0.0025,0.0005) 

0.190 

Comparison 

202 

1.0187 

Enlisted  Groundcrew 

Ranch  Hand 

422 

1.0195 

-0.0002  (-0.0010,0.0006) 

0.597 

Comparison 

575 

1.0197 

b)  MODEL  !:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 


Occupaitionail .  . ;  - 
Category 

Group. 

V  ■’••n ' 

A4j. 

Mean 

Difference  of  A^,^ 
Means  (95%  CX) 

p-Value  I 

CoTariate  Remarks® 

All 

Ranch  Hand 

949 

1.0189 

-0.0002  (-0.0008,0.0003) 

0.430 

OCC  (p <0.001) 

Comparison 

1,278 

1.0192 

AGE*DIAB 

Officer 

Ranch  Hand 

367 

1.0187 

0.0001  (-0.0007,0.0010) 

0.762 

(p =0.048) 

Comparison 

502 

1.0186 

Enlisted  Flyer 

Ranch  Hand 

161 

1.0181 

-0.0010  (-0.0023,0.0004) 

0.152 

Comparison 

202 

1.0190 

Enlisted 

Ranch  Hand 

421 

1.0198 

-0.0002  (-0.0010,0.0006) 

0.554 

Groundcrew 

Comparison 

574 

1.0200 

“  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  17-9.  (Continued) 
Analysis  of  Urine  Specific  Gravity 


c)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Category  Sununary  Statistics 


Initial 

Dioxin 

n 

Mean 

Adj. 

Mean^ 

R2 

.  Slope 
(Std.  Error) 

p-Value 

Low 

173 

1.0183 

1.0184 

0.028 

0.0003  (0.0002) 

0.142 

Medium 

173 

1.0192 

1.0192 

High 

172 

1.0194 

1.0193 

Analysis  Results  for  Logj  (Initial  Dioxin)^ 


d)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN  —  ADJUSTED 


Initial  Dioxin  Category 

Analysis  Results  for  Log2  (Initial  Dioxin)*^ 

Sununary  Statistics 

Initial 

Adj. 

Adj.  Slope 

Covariate 

Dioxin 

n 

Mean** 

R2 

(Std.  Error) 

p-Value 

Remarks 

Low 

173 

1.0182** 

0.048 

0.0003  (0.0002)** 

0.231** 

1NIT*AGE  (p=0.024) 
OCC  (p =0.033) 

Medium 

173 

1.0190** 

High 

172 

1.0189** 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (initial  dioxin)-by-covariate  interaction  (0.01  <p <0.05);  adjusted  mean,  adjusted  slope,  standard  error, 
and 

p-value  derived  from  a  model  after  deletion  of  this  interaction;  refer  to  Appendix  Table  M-2-5  for  further 
analysis  of  this  interaction. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  17-9.  (Continued) 
Analysis  of  Urine  Specific  Gravity 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


Dioxin  Cat^bry 

Mean 

Adj. 

Mean^ 

Difference  of  Adi- 
Mean  vs.  Comparisons  .. 
(95%  C.L) 

p-Value 

Comparison 

1,062 

1.0189 

1.0189 

Background  RH 

374 

1.0183 

1.0186 

-0.0003  (-0.0011,0.0004) 

0.385 

LowRH 

259 

1.0187 

1.0186 

-0.0003  (-0.0011,0.0006) 

0.528 

HighRH 

259 

1.0192 

1.0190 

0.0001  (-0.0008,0.0009) 

0.852 

Low  plus  High  RH 

518 

1.0190 

1.0188 

-0.0001  (-0.0008,0.0006) 

0.774 

D  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  ADJUSTED 

Dioxin  Category 

Adj. 

Mean^ 

DiHeraice  of  Adj.  Mean  . 
vs.  ComparKons 
(95%  C.I.) 

p-Valne 

.  Covaiiate  Remarks 

Comparison 

1,061 

1.0191 

OCC(p=0.001) 

DIAB  (p =0.132) 

Background  RH 

373 

1.0190 

-0.0001  (-0.0009,0.0007) 

0.820 

LowRH 

259 

1.0188 

-0.0003  (-0.0011,0.0006) 

0.549 

HighRH 

259 

1.0188 

-0.0003  (-0.0012,0.0006) 

0.507 

Low  plus  High  RH 

518 

1.0188 

-0.0003  (-0.0010,0.0004) 

0.414 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  and  change  in  percent  body  fat  from  the  time  of 
duty  in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


**  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  17-9.  (Continued) 
Analysis  of  Urine  Specific  Gravity 


g)  MODH.S  4,  5,  AND  6:  RANCH  HANDS  -  CCBBENT  DIOXIN  -  UNADJUSTED 


Current  DloidnCati^oiy 
MeaB/(n) 

Analysis  Results  for  Lt^2 
(Current  Dioxin  -I-  1) 

Model^ 

Low 

Medium 

High 

Slope 

(Std.  Error) 

p-Valne 

4 

0.007 

0.0004  (0.0001) 

0.013 

(295) 

(299) 

(298) 

5 

1.0180 

1.0187 

1.0194 

0.008 

0.0003  (0.0001) 

0.007 

(300) 

(296) 

(296) 

6'’ 

1.0180 

1.0187 

1.0194 

0.008 

0.0003  (0.0001) 

0.027 

(299) 

(296) 

(296) 

h)  MODELS  4,  5,  AND  6;  RANCH  HANDS  -  CURRENT  DIOXIN  -  ADJUSTED 


sMtidP' 

Current  Dioxin  Category  , 
Adjusted  Mean/(n) 

Low  Medium  ifigh 

R* 

i^lysis  Results  for  Logj 
(Current  Dioxin  +  1) 

AdJ.  Slope 

(Std.  Error)  p-Value  Covariate  Remarks 

4 

1.0183 

(295) 

1.0185 

(299) 

1.0192 

(298) 

0.007 

0.0004  (0.0001) 

0.013 

5 

1.0180 

(300) 

1.0187 

(296) 

1.0194 

(296) 

0.008 

0.0003  (0.0001) 

0.007 

6" 

1.0180 

(299) 

1.0186 

(296) 

1.0190 

(296) 

0.013 

0.0002  (0.0002) 

0.123 

OCC  (p =0.135) 

®  Model  4:  Logj  (lipid-adjusted  current  dioxin  -1-1). 

Model  5:  Logj  (whole-weight  current  dioxin  -f  1). 

Model  6:  Log2  (whole-weight  current  dioxin  -I-  1),  adjusted  for  log2  total  lipids. 

**  Adjusted  for  log2  total  lipids. 

'  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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Longitudinal  Analysis 

Longitudinal  analyses  were  conducted  on  four  variables— urinary  protein,  urinary  red 
blood  cell  count,  urinary  white  blood  cell  count,  and  urine  specific  gravity— to  examine 
whether  changes  across  time  differed  with  respect  to  group  membership  (Model  1),  initial 
dioxin  (Modd  2),  and  categorized  dioxin  (Model  3).  Models  4,  5,  and  6  were  not  examined 
in  longitudinal  analyses  because  current  dioxin,  the  measure  of  e)q)osure  in  these  models, 
changes  over  time  and  is  not  available  for  all  participants  for  1982,  1985,  or  1992.  The 
longitudinal  analyses  for  urinary  protein  investigated  the  difference  between  the  1982 
examination  and  the  1992  examination,  because  the  measurement  technique  and  abnormal 
outpoint  remained  unchanged.  Measurement  procedures  at  the  1982  examination  differed 
from  the  techniques  used  at  subsequent  examinations  for  urinary  red  blood  cell  count  and 
urine  specific  gravity.  For  die  detection  of  urinary  red  blood  cells,  microscopic  observation 
used  at  the  1985,  1987,  and  1992  examinations  replaced  reagent  strip  testing  used  during  the 
1982  examination;  and  the  multistick  procedure  incorporated  at  the  1985,  1987,  and  1992 
examinations  replaced  the  falling  drop  method  used  during  the  1982  examination  for 
measuring  urine  specific  gravity.  Thus,  longitudinal  analyses  for  urinary  red  blood  cell 
count  and  urine  specific  gravity  studied  changes  between  the  1985  examination  and  the  1992 
examination.  The  longitudinal  analyses  for  urinary  white  blood  cell  count  investigated 
changes  between  the  1985  and  1992  examinations  because  the  abnormal  cutpoint  in  1982 
(>4  WBC  per  HPF)  from  the  Kelsey-Sebold  clinic  differed  from  the  cutpoint  used  at  the 
1985,  1987,  and  1992  SCRF  examinations  (>2  WBC  per  HPF). 

The  longitudinal  analyses  for  the  discrete  variables  (urinary  protein,  urinaiy  red  blood 
cell  coimt,  urinary  white  blood  cell  count)  examined  relative  risks  at  the  1992  examination 
for  participants  who  were  classified  as  normal  at  the  earlier  examination.  Participants 
considered  abnormal  in  1982  (or  1985,  as  applicable)  were  excluded  because  the  focus  of  the 
analyses  was  on  investigating  the  temporal  effects  of  dioxin  during  the  period  between  1982 
or  1985  and  1992.  Participants  considered  abnormal  in  1982  or  1985  were  already  abnormal 
before  this  period;  consequently,  only  participants  considered  normal  at  the  1982  or  1985 
examination  were  considered  to  be  at  risk  when  the  effects  of  dioxin  over  time  are  explored. 
The  rate  of  abnormalities  imder  this  restriction  approximates  an  incidence  rate  between  1982 
or  1985  and  1992.  All  three  models  were  adjusted  for  age;  Models  2  and  3  were  also 
adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from 
the  time  of  duty  in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

The  longitudinal  analysis  for  the  continuous  variable,  urine  specific  gravity,  examined 
the  paired  difference  between  the  measurements  from  1985  and  1992.  These  paired 
differences  measured  the  change  in  urine  specific  gravity  over  time.  Each  of  the  three 
models  used  in  the  longitudinal  analysis  were  adjusted  for  age  and  urine  specific  gravity 
measured  in  1985.  The  analyses  of  Models  2  and  3  were  also  adjusted  for  percent  body  fat 
at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty  in  SEA  to 
the  date  of  the  blood  draw  for  dioxin. 
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Laboratory  Examination  Variables 


Urinary  Protein 

The  longitudinal  analysis  for  Model  1  did  not  find  a  significant  group  difference  in  the 
presence  of  urinary  protein  for  participants  who  had  an  absence  of  unnary  protein  in  1982 
(Table  17-10(a):  p>0.27  for  all  contrasts).  Similarly,  the  analysis  of  Model  3  did  not  detect 
a  significant  relationship  between  urinary  protein  and  categorized  dioxin  (Table  17-10(c): 
p>0.14  for  all  contrasts). 

By  contrast,  Model  2  detected  a  marginally  significant  positive  association  between 
urinary  protein  and  initial  dioxin  (Table  17- 10(b):  p =0.065,  Adj.  RR=1.38,  95% 

C.I. =[0.98,  1.94]).  Of  the  Ranch  Hand  cohort  without  urinary  protein  in  1982,  5.4  percent 
of  the  participants  in  the  high  category  of  initial  dioxin  had  urinary  protein  at  the  1992 
examination,  while  the  percentages  of  abnormalities  in  the  low  and  medium  categories  were 
3.0  and  2.4  percent  respectively. 

Urinary  Red  Blood  Cell  Count 

Longitudinal  analyses  for  urinary  red  blood  cell  count  were  conditioned  on  participants 
without  evidence  of  urinary  red  blood  cells  in  1985.  No  statistically  significant  results  were 
detected  with  respect  to  group  differences,  associations  with  initial  dioxin,  or  associations 
with  categorized  dioxin  (Table  17-ll(a-c):  p>0.14  for  all  analyses). 

In  both  the  Ranch  Hand  and  Comparison  cohorts,  the  percentage  of  participants  with 
urinary  red  blood  cells  in  1982  showed  a  marked  increase  between  1982  and  1985  and  a 
decrease  between  1985  and  1992.  The  increase  between  1982  and  1985  was  most  likely  due 
to  the  change  in  measurement  method.  The  decrease  in  1992  may  have  resulted  in  part 
because  the  1985  examination  defined  presence  as  at  least  one  urinary  red  blood  cell  in 
contrast  to  the  1992  examination,  which  defined  an  abnormality  as  more  than  two  urinary  red 
blood  cells. 

Urinary  White  Blood  Cell  Count 

The  longitudinal  analysis  of  Model  1  did  not  uncover  a  significant  overall  group 
difference  for  urinary  white  blood  cell  counts  (Table  17-12(a):  p=0.204).  However, 
stratifying  the  Model  1  analysis  by  occupation  revealed  a  marginally  significant  adjusted 
relative  risk  for  the  enlisted  groundcrew  (Table  17-12(a):  p=0.053,  Adj.  RR=2.51,  95% 

C.I.  =  [0.99,  6.39]).  Of  enlisted  groundcrew  who  had  no  evidence  of  urinary  white  blood 
cells  at  the  1985  examination,  Ranch  Hands  were  more  than  twice  as  likely  than 
Comparisons  to  have  urinary  white  blood  cells  at  the  1992  examination  (Table  17-12(a): 

3.7%  vs.  1.5%). 

Displayed  in  Table  17-12(b),  the  results  of  the  Model  2  analysis  did  not  reveal  a 
significant  association  between  urinary  white  blood  cell  count  and  initial  dioxin  (p= 0.770). 
The  longitudinal  analysis  for  Model  3  detected  a  significant  relative  risk  for  the  low  plus  high 
Ranch  Hand  category  (Table  17-12(c):  p=0.028,  Adj.  RR=2.41,  95%  C.I.  =[1.10,  5.30]). 
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Table  17-10. 

Longitudinal  Analysis  of  Urinary  Protein 


a)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS 

Occupationid  . 
Cat^ory 

Percent  Presait/(n) 
Examination 

Oroiip 

1982 

1985 

1987 

1992 

Att 

Ranch  Hand 

1.3 

3.1 

4.4 

4.5 

(898) 

(876) 

(867) 

(898) 

Comparison 

1.5 

2.6 

3.9 

4.4 

(1,062) 

(1,039) 

(1,036) 

(1,062) 

Officer 

Ranch  Hand 

1.8 

2.1 

4.2 

4.7 

(340) 

(335) 

(334) 

(340) 

Comparison 

0.7 

1.0 

1.8 

3.0 

(403) 

(395) 

(391) 

(403) 

Enlisted  Flyer 

Ranch  Hand 

1.3 

1.3 

2.6 

3.8 

(158) 

(156) 

(153) 

(158) 

Comparison 

1.1 

3.5 

5.8 

5.1 

(175) 

(172) 

(174) 

(175) 

Enlisted  Groundcrew 

Ranch  Hand 

1.0 

4.7 

5.3 

4.5 

(400) 

•  (385) 

(380) 

(400) 

Comparison 

2.3 

3.6 

4.9 

5.4 

(484) 

(472) 

(471) 

(484) 

Occapational 

Cat^ory 

Group 

Absent  in  1982 

Percent  Present 
n  in  1992  in  1992 

Adj.  Relative  Risk 
(95%  CJ.)® 

p-Value^ 

All 

Ranch  Hand 

886 

4.0 

0.99  (0.63,1.57) 

0.977 

Comparison 

1,046 

4.0 

Officer 

Ranch  Hand 

334 

4.2 

1.56  (0.70,3.49) 

0.279 

Comparison 

400 

2.8 

Enlisted  Flyer 

Ranch  Hand 

156 

3.9 

0.83  (0.28,2.44) 

0.729 

Comparison 

173 

4.6 

Enlisted 

Ranch  Hand 

396 

3.8 

0.80(0.41,1.56) 

0.510 

Groundcrew 

Comparison 

473 

4.9 

^  Relative  risk,  confidence  interval,  and  p-value  are  in  reference  to  a  contrast  of  1982  and  1992  results;  results 
adjusted  for  age  in  1992. 

Note:  Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 

Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes 
for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations.  Statistical  analyses  are  based 
only  on  participants  who  had  no  urinary  protein  present  in  1982  (see  Chapter  7,  Statistical  Methods). 
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Table  17-10.  (Continued) 
Longitudinal  Analysis  of  Urinary  Protein 


b)  MODEL  2: 

RANCH  HANDS  —  INITIAL  DIOXIN 

Percent  Ih'esenl/(ii) 

Exnminatiffli 

1982 

1985 

1987 

1992 

Dioxin 

Low 

0.6 

4.3 

4.9 

3.6 

(166) 

(163) 

(165) 

(166) 

Medium 

1.2 

3.1 

5.5 

3.0 

(169) 

(163) 

(165) 

(169) 

High 

0.0 

3.0 

3.7 

5.4 

(167) 

(165) 

(161) 

(167) 

Initial  IMoxin  Category  Sununary  Statistics 

Analysis  Results  for  Logj  (Initial  Dioxin)^ 

Absent  in  1982 

Hutial 

Dioxin 

nin  1992 

Percent  Present  in 
1992 

Adj.  Rdative  Risk 
(95%  C.I.)’’ 

p-Value 

Low 

165 

3.0 

1.38  (0.98,1.94) 

0.065 

Medium 

167 

2.4 

High 

167 

5.4 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  age  in  1992. 

**  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 
Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes 
for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations.  Statistical  analyses  are  based 
only  on  participants  who  had  no  urinary  protein  present  in  1982  (see  Chapter  7,  Statistical  Methods). 
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Table  17-10.  (Continued) 
Longitudinal  Analysis  of  Urinary  Protein 


c)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

llllllllllllllililll 

. 

Percent  Present/(n) 

Esmmination 

Dioxin  Cat^ory 

im 

:  -r  1985 

-1987  ’  ■ 

1992 

Comparison 

1.4 

2.2 

4.1 

4.6 

(916) 

(905) 

(906) 

(916) 

Background  RH 

2.4 

2.7 

3.6 

4.7 

(341) 

(338) 

(335) 

(341) 

LowRH 

0.8 

3.3 

5.3 

3.6 

(249) 

(243) 

(247) 

(249) 

HighRH 

0.4 

3.6 

4.1 

4.4 

(253) 

(248) 

(244) 

(253) 

Low  plus  High  RH 

0.6 

3.5 

4.7 

4.0 

(502) 

(491) 

(491) 

(502) 

Absent  in  1982 

Difoin  Category 

n in  1992 

Percent  Present  in 
1992 

Ad]\  Relative  Risk 
(95%  C.I.)"^ 

p-Value'’ 

Comparison 

903 

4.2 

Background  RH 

333 

4.2 

1.16(0.61,2.20) 

0.650 

LowRH 

247 

2.8 

0.54  (0.23,1.23) 

0.143 

HighRH 

252 

4.4 

0.99  (0.49,2.03) 

0.989 

Low  plus  High  RH 

499 

3.6 

0.74  (0.41,1.34) 

0.324 

^  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  age  in  1992. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  Initial  Dioxin  >  143  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 
Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes 
for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations.  Statistical  analyses  are  based 
only  on  participants  who  had  no  urinary  protein  present  in  1982  (see  Chapter  7,  Statistic^  Methods). 
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Table  17-11. 

Longitudinal  Analysis  of  Urinary  Red  Blood  Cell  Count 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 

Occupational 

Cat^ory 

,  ..Percent  Abnormal/(n.} 
Examination 

:  Group.  :  '  ■ 

1982 

1985 

1987 

1992 

All 

Ranch  Hand 

1.4 

17.8 

8.6 

3.1 

(877) 

(912) 

(887) 

(912) 

Comparison 

0.8 

16.2 

6.8 

2.3 

(1,038) 

(1,152) 

(1,129) 

(1,152) 

Officer 

Ranch  Hand 

1.8 

14.8 

6.4 

2.6 

(335) 

(352) 

(345) 

(352) 

Comparison 

0.5 

13.1 

5.5 

0.9 

(394) 

(444) 

(435) 

(444) 

Enlisted  Flyer 

Ranch  Hand 

0.6 

17.7 

11.7 

2.5 

(156) 

(158) 

(154) 

(158) 

Comparison 

1.2 

20.1 

8.1 

2.1 

(172) 

(189) 

(186) 

(189) 

Enlisted  Groundcrew 

Ranch  Hand 

1.3 

20.4 

9.3 

3.7 

(386) 

(402) 

(388) 

(402) 

Comparison 

0.9 

17.5 

7.5 

3.5 

(472) 

(519) 

(508) 

(519) 

Normal  in  19S5 


Occupational 

Category 

Group 

n  in  1992 

Percent  Abnormal 
in  1992 

Adj.  Relative  Risk 
(95%  CJ.)^ 

p-Value‘ 

All 

Ranch  Hand 

750 

1.6 

0.91  (0.43,1.91) 

0.796 

Comparison 

965 

1.8 

Officer 

Ranch  Hand 

300 

1.3 

1.71  (0.38,7.72) 

0.483 

Comparison 

386 

0.8 

Enlisted  Flyer 

Ranch  Hand 

130 

2.3 

1.16(0.23,5.90) 

0.857 

Comparison 

151 

2.0 

Enlisted  Groundcrew 

Ranch  Hand 

320 

1.6 

0.61  (0.21,1.78) 

0.367 

Comparison 

428 

2.6 

®  Relative  risk,  confidence  interval,  and  p-value  are  in  reference  to  a  contrast  of  1985  and  1992  results,  results 
adjusted  for  age  in  1992. 

Note:  Summary  statistics  for  1982  are  provided  for  reference  purposes  for  participants  who  attended  the 

Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes 
for  participants  who  attended  the  1985,  1987,  and  1992  examinations.  Statistical  analyses  are  based  only 
on  participants  who  had  normal  urinary  red  blood  cell  counts  in  1985  (see  Chapter  7,  Statistical 
Methods). 
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Table  17-11.  (Continued) 

Longitudinal  Analysis  of  Urinary  Red  Blood  Cell  Count 


b)  MODEL  2: 

RANCH  HANDS  -  INITIAL  DIOXIN 

Percent  AbnonnaI/(n) 

Examination 

Initial  ;  .  .  .  ’ 

Dioxin 

1982 

1985 

1987 

1992 

Low 

0.6 

12.6 

7.2 

1.8 

(163) 

(167) 

(167) 

(167) 

Medium 

4.3 

19.2 

12.2 

7.2 

(163) 

(167) 

(164) 

(167) 

High 

0.6 

20.1 

9.2 

3.0 

(165) 

(169) 

(163) 

(169) 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)^ 

Normal  in  1985 

Initial 

Dioxin 

n in  1992 

Pm:ent  Abnormal 
in  1992 

Adj.  Relative  Risk 
(957c  C.I.)^ 

p-Vaiue 

Low 

146 

0.7 

1.26  (0.77,2.08) 

0.372 

Medium 

135 

4.4 

High 

135 

1.5 

“  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  age  in  1992. 


*’  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 

Summary  statistics  for  1982  are  provided  for  reference  purposes  for  participants  who  attended  the 
Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes 
for  participants  who  attended  the  1985,  1987,  and  1992  examinations.  Statistical  analyses  are  based  only 
on  participants  who  had  normal  urinary  red  blood  cell  counts  in  1985  (see  Chapter  7,  Statistical 
Methods). 
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Table  17-11.  (Continued) 

Longitudinal  Analysis  of  Urinary  Red  Blood  Cell  Count 


c)  MODEL  3i  RANCH  HA3WS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

.  .  Percent  Abnomial/(n) 

Examinatiffli 


IKoxin  Categoity 

1982 

1985 

1987  '.  v:-.. 

1992 

Comparison 

0.9 

16.3 

7.0 

2.0 

(904) 

(997) 

(987) 

(997) 

Background  RH 

0.9 

16.9 

7.4 

2.2 

(339) 

(361) 

(353) 

(361) 

LowRH 

2.1 

13.6 

7.7 

2.4 

(243) 

(250) 

(248) 

(250) 

HighRH 

1.6 

21.0 

11.4 

5.5 

(248) 

(253) 

(246) 

(253) 

Low  plus  High  RH 

1.8 

17.3 

9.5 

4.0 

(491) 

(503) 

(494) 

(503) 

Nonn^  in  1985 

IMoxin  Cat^ory 

n  in  1992 

Percent  Abnormal 
in  1992 

Ad|j.  Rdative  Risk 
(95%  CX)^ 

p-Value^ 

Comparison 

835 

1.3 

Background  RH 

300 

1.0 

0.78(0.21,2.83) 

0.703 

LowRH 

216 

1.4 

0.91  (0.24,3.40) 

0.883 

HighRH 

200 

3.0 

2.17  (0.76,6.19) 

0.146 

Low  plus  High  RH 

416 

2.2 

1.48  (0.60,3.70) 

0.397 

*  Relative  risk  and  confidence  interval  relative  to  Comparisons.  ^ 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  age  in  1992. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  ^  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 

Nummary  statistics  for  1982  are  provided  for  reference  purposes  for  participants  who  attended  the 
Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes 
for  participants  who  attended  the  Baseline,  1985,  1987,  and  1992  examinations.  Statistical  analyses  are 
based  only  on  participants  who  had  normal  urinary  red  blood  cell  counts  in  1985  (see  Chapter  7, 
Statistical  Methods). 
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Table  17-12. 

Longitudinal  Analysis  of  Urinary  White  Blood  Cell  Count 


a)  MODEL!: 

RANCH  HANDS  VS.  COMPARISONS 

Occupational 

■C^^ry 

Perc«it  Abnotmal/fn) 
Exarhination 

1982 

1985 

1987 

1992 

An 

Ranch  Hand 

1.5 

10.0 

7.1 

3.5 

(877) 

(912) 

(886) 

(912) 

Comparison 

2.3 

7.8 

6.6 

2.7 

(1,039) 

(1,153) 

(1,130) 

(1,153) 

Officer 

Ranch  Hand 

1.5 

lA 

6.1 

2.0 

(335) 

(352) 

(345) 

(352) 

Comparison 

1.5 

5.8 

7.1 

2.3 

(395) 

(445) 

(436) 

(445) 

Enlisted  Flyer 

Ranch  Hand 

0.6 

10.8 

7.1 

4.4 

(156) 

(158) 

(154) 

(158) 

Comparison 

2.3 

lA 

3.8 

5.3 

(172) 

(189) 

(186) 

(189) 

Enlisted  Groundcrew 

Ranch  Hand 

1.8 

11.9 

8.0 

4.5 

(386) 

(402) 

(387) 

(402) 

Comparison 

3.0 

9.6 

7.3 

2.1 

(472) 

(519) 

(508) 

(519) 

Occnpational 

Cat^ty 

Group 

Nonnal  in  1985 

Percent  Abnormal 
n  in  1992  in  1992 

A4l>Rdatiye 
Risk  (95%  CX)^ 

p-VaIne“ 

AU 

Ranch  Hand 

821 

2.4 

1.53  (0.79,2.93) 

0.204 

Comparison 

1,063 

1.6 

Officer 

Ranch  Hand 

326 

0.9 

0.76  (0.18,3.23) 

0.715 

Comparison 

419 

1.2 

Enlisted  Flyer 

Ranch  Hand 

141 

2.8 

0.98  (0.26,3.71) 

0.976 

Comparison 

175 

2.9 

Enlisted  Groundcrew 

Ranch  Hand 

354 

3.7 

2.51  (0.99,6.39) 

0.053 

Comparison 

469 

1.5 

®  Relative  risk,  confidence  interval,  and  p-value  are  in  reference  to  a  contrast  of  1985  and  1992  results;  results 
adjusted  for  age  in  1992. 

Note:  Sununary  statistics  for  1982  are  provided  for  reference  purposes  for  participants  who  attended  the 

Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes 
for  participants  who  attended  the  1985,  1987,  and  1992  examinations.  Statistical  analyses  are  based  only 
on  participants  who  had  normal  urinary  white  blood  cell  counts  in  1985  (see  Chapter  7,  Statistical 
Methods). 
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Table  17-12.  (Continued) 

Longitudinal  Analysis  of  Urinary  White  Blood  Cell  Count 


b)  MODEL  2;  RANCH  HANDS  ~  IMTIAL  DIOXIN 


:-Perceat'..Abnoniial/(ii)\;\ 

Examination  ■  ii.. ,  vy' ' .■  • 


'  'Mtid  :^v:7v 
IHoxm  '  ^  ■ 

1982 

1985 

1987 

1992 

Low 

3.1 

11.4 

9.6 

3.6 

(163) 

(167) 

(166) 

(167) 

Medium 

2.5 

11.4 

7.3 

4.2 

(163) 

(167) 

(164) 

(167) 

High 

0.6 

10.7 

8.6 

3.6 

(165) 

(169) 

(163) 

(169) 

Initial  Dioxin  Category  Summary  Statistics 

.  Analysis  Results  for  Log^  (Initial  Dioxin)® 

Normal  in  1985 

Dutial 

P^cent  Abnonnal 

Adj.  Relative  Ri^ 

Dioxin 

n  in  1992 

in  1992 

(95%  C.!.)” 

p-Value 

Low 

148 

3.4 

0.94  (0.61,1.44) 

0.770 

Medium 

148 

3.4 

High 

151 

2.7 

“  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  age  in  1992. 


*’  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 

Summary  statistics  for  1982  are  provided  for  reference  purposes  for  participants  who  attended  the 
Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes 
for  participants  who  attended  the  1985,  1987,  and  1992  examinations.  Statistical  analyses  are  based  only 
on  participants  who  had  normal  urinary  white  blood  cell  counts  in  1985  (see  Chapter  7,  Statistical 
Methods). 
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Table  17-12.  (Continued) 

Longitudinal  Analysis  of  Urinary  White  Blood  Cell  Count 


c)  MODEL  3;  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

Percent  Abnormal/fn) 
Examination 

biordn  Categoty  ;  : 

1982 

1985  vi::  • 

1987 

1992 

Comparison 

2.4 

7.6 

6.6 

2.4 

(905) 

(998) 

(988) 

(998) 

Background  RH 

0.9 

8.3 

6.0 

2.5 

(339) 

(361) 

(353) 

(361) 

LowRH 

2.5 

11.6 

8.5 

3.6 

(243) 

(250) 

(247) 

(250) 

HighRH 

1.6 

10.7 

8.5 

4.0 

(248) 

(253) 

(246) 

(253) 

Low  plus  High  RH 

2.0 

11.1 

8.5 

3.8 

(491) 

(503) 

(493) 

(503) 

Normd  in  19S5 


Dioxin  Category 

ninl992 

Percent  Abnormal ' 
ml992 

Adj.  Relative  Risk 
(95%C.L)^ 

p-Value*' 

Comparison 

922 

1.3 

Background  RH 

331 

0.9 

0.69  (0.19,2.50) 

0.577 

LowRH 

221 

3.2 

2.38  (0.92,6.15) 

0.074 

HighRH 

226 

3.1 

2.45  (0.94,6.42) 

0.068 

Low  plus  High  RH 

447 

3.1 

2.41  (1.10,5.30) 

0.028 

®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  age  in  1992. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  ^  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 

Summary  statistics  for  1982  are  provided  for  reference  purposes  for  participants  who  attended  the 
Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes 
for  participants  who  attended  the  1985,  1987,  and  1992  examinations.  Statistical  analyses  are  based  only 
on  participants  who  had  normal  urinary  white  blood  cell  counts  in  1985  (see  Chapter  7,  Statistical 
Methods). 
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Only  1.3  percent  of  Comparisons  with  normal  counts  of  urinary  white  blood  cells  during  the 
1985  examination  had  abnormal  counts  of  urinary  white  blood  cells  at  the  1992  examination, 
while  3.1  percent  of  Ranch  Hands  in  the  low  plus  high  category  of  dioxin  with  normal 
urinary  white  blood  cells  counts  in  1985  displayed  abnormal  urinary  white  blood  cell  counts 
in  1992.  In  addition,  the  low  Ranch  Hand  category  of  dioxin  and  the  high  Ranch  Hand 
category  of  dioxin  displayed  marginally  significant  relative  risks  (Table  17-12(c):  p =0.074, 
Adj.  RR=2.38,  95%  C.I.=[0.92,  6.15];  p=0.068,  Adj.  RR=2.45,  95%  C.I.=[0.94,  6.42] 
respectively).  Examination  of  Ranch  Hands  in  the  low  dioxin  category  and  the  high  dioxin 
category  with  normal  urinary  white  blood  cell  counts  in  1985  revealed  that  the  prevalence 
rates  for  abnormal  urinary  white  blood  cell  counts  in  1992  were  similar  for  the  two 
categories  (3.2%  and  3.1%  respectively). 

Similar  to  the  urinary  red  blood  cell  count  findings,  the  prevalence  rate  of  urinary  white 
blood  cells  increased  substantially  between  1982  and  1985,  and  decreased  between  1985  and 
1992  in  both  the  Ranch  Hand  and  Comparison  groups.  The  difference  between  the  1982  and 
1985  results  is  partly  because  an  abnormality  in  1982  was  defined  as  >4  WBC  per  HPF, 
while  in  1985  an  abnormality  was  defined  as  >2  WBC  per  HPF. 

Urine  Specific  Gravity 

Examination  of  the  paired  difference  between  1985  and  1992  for  urine  specific  gravity 
did  not  uncover  a  significant  group  difference  (Model  1  analysis.  Table  17-13(a):  p>0.21  for 
all  contrasts).  Also,  the  analyses  of  Models  2  and  3  did  not  find  a  significant  association 
with  initial  dioxin  or  categorized  dioxin  (Table  17-13(b,c):  p>0.17  for  all  analyses). 

DISCUSSION 

In  clinical  practice,  the  presence  of  renal  or  urinary  tract  disease  can  be  determined  with 
confidence  based  on  the  medical  history,  physical  examination,  and  the  five  laboratoiy 
indices  included  in  the  current  analysis. 

Although  subject  to  some  day-to-day  variation  related  to  diet  and  state  of  hydration,  the 
serum  creatinine  is  considered  a  reliable  index  of  glomerular  filtration,  while  the  integrity 
and  concentrating  ability  of  the  renal  tubular  system  are  reflected  in  the  urine  specific 
gravity.  In  documenting  the  presence  of  red  or  white  blood  cells  in  significant  numbers,  the 
examination  of  the  urinary  sediment  can  provide  valuable  clues  to  the  presence  of  a  broad 
range  of  infectious,  inflanunatory,  and  neoplastic  conditions  intrinsic  to  the  upper  and  lower 
urinary  tracts. 

Pertinent  to  the  interpretation  of  the  renal  assessment  data  and  to  the  covariate 
associations  noted  below  is  the  frequent  finding  in  ambulatory  medicine  of  isolated 
abnormalities  in  the  routine  urinalysis  of  healthy  individuals  who  in  fact  have  no  disease  of 
the  genitourinary  system.  With  normal  fluid  balance,  the  healthy  kidneys  can  excrete  up  to 
100  mg  to  150  mg  of  total  protein  in  24  hours.  The  qualitative  dipstick  test  used  in  the 
current  smdy  is  sensitive  to  protein  concentrations  as  low  as  10  mg  to  15  mg  per  deciliter 
and,  particularly  in  specimens  collected  after  overnight  fasting,  will  often  give  a  trace  to  H- 
positive  reaction  in  the  absence  of  intrinsic  renal  disease. 
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Table  17-13. 

Longitudinal  Analysis  of  Urine  SpeciOc  Gravity 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 


Occupational 

Cat^ory 

Group 

MraB((n) 

Examination 

Exam. 
Mean 
Chaise® . : 

Difference  of 

Exam. 

Mean  Change  p-Value^ 

1982 

1^ 

1987 

1992  " 

All 

Ranch  Hand 

1.0190 

1.0157 

1.0199 

1.0188 

0.0030 

-0.0006  0.268 

(877) 

(912) 

(887) 

(912) 

Comparison 

1.0181 

1.0153 

1.0200 

1.0190 

0.0037 

(1,038) 

(1,152) 

(1,129) 

(1,152) 

Officer 

Ranch  Hand 

1.0211 

1.0148 

1.0191 

1.0184 

0.0035 

-0.0001  0.819 

(335) 

(352) 

(345) 

(352) 

Comparison 

1.0156 

1.0146 

1.0189 

1.0182 

0.0036 

(394) 

(444) 

(435) 

(444) 

Enlisted  Flyer 

Ranch  Hand 

1.0132 

1.0151 

1.0190 

1.0177 

0.0027 

-0.0002  0.349 

(156) 

(158) 

(154) 

(158) 

Comparison 

1.0210 

1.0157 

1.0202 

1.0185 

0.0028 

(172) 

(189) 

(186) 

(189) 

Enlisted 

Ranch  Hand 

1.0195 

1.0167 

1.0209 

1.0195 

0.0028 

-6.0013  0.216 

Groundcrew 

(386) 

(402) 

(388) 

(402) 

Comparison 

1.0191 

1.0157 

1.0209 

1.0198 

0.0040 

(472) 

(519) 

(508) 

(519) 

®  Difference  between  1992  and  1985  examination  means. 


Results  adjusted  for  urine  specific  gravity  in  1985  and  age  in  1992. 

Note:  Summary  statistics  for  1982  are  provided  for  reference  purposes  for  participants  who  attended  the 

Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes 
for  participants  who  attended  the  1985,  1987,  and  1992  examinations. 
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Table  17-13.  (Continued) 
Longitudinal  Analysis  of  Urine  Specific  Gravity 


'i)  MODEL'  2:  RANCH  HANDS  —  INITIAL  DIOXIN 


Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)® 

Initial 

IHoxm 

Mean/(n).''  v 
’  Examination 

1982 

1985 

1987 

1992 

Adj.  Slope  (Std.  Error) 

p-Value 

Lx)w 

1.0148 

(163) 

1.0149 

(167) 

1.0199 

(167) 

1.0183 

(167) 

0.0003  (0.0002) 

0.178 

Medium 

1.0146 

(163) 

1.0167 

(167) 

1.0203 

(164) 

1.0193 

(167) 

High 

1.0218 

(165) 

1.0167 

(169) 

1.0206 

(163) 

1.0196 

(169) 

®  Results  based  on  difference  between  1992  and  1985  urine  specific  gravity  versus  logj  (initial  dioxin);  results 
adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  1985  urine  specific  gravity,  and  age  in  1992. 


Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 

Summary  statistics  for  1982  are  provided  for  reference  purposes  for  participants  who  attended  the 
Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes 
for  participants  who  attended  the  1985,  1987,  and  1992  examinations. 
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Table  17-13.  (Continued) 
Longitudinal  Analysis  of  Urine  SpeciHc  Gravity 


c)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 


M^/(n) 

Rvamfnatinn  Diffa*«lCe  of 


Diona  Cat^oiy 

1982 

1985 

1987 

1992 

Exam. 

Mean  Change^ 

Exam. 

Mean  Change'’ 

p-Valne‘ 

Comparison 

1.0175 

(904) 

1.0152 

(997) 

1.0200 

(987) 

1.0190 

(997) 

0.0038 

Backgroimd  RH 

1.0214 

(339) 

1.0152 

(361) 

1.0194 

(353) 

1.0183 

(361) 

0.0032 

-0.0006 

0.351 

LowRH 

1.0124 

(243) 

1.0153 

(250) 

1.0200 

(248) 

1.0187 

(250) 

0.0035 

-0.0003 

0.527 

HighRH 

1.0217 

(248) 

1.0169 

(253) 

1.0205 

(246) 

1.0193 

(253) 

0.0024 

-0.0014 

0.479 

Low  plus  High  RH 

1.0171 

(491) 

1.0161 

(503) 

1.0203 

(494) 

1.0190 

(503) 

0.0029 

-0.0008 

0.386 

^  Difference  between  1992  and  1985  examination  means. 


^  Difference  between  Ranch  Hand  dioxin  category  and  Comparison  category. 

^  Results  adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of 
duty  in  SEA  to  the  date  of  the  blood  draw  for  dioxin,  1985  urine  specific  gravity,  and  age  in  1992. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  Initial  Dioxin  >  143  ppt. 

Summary  statistics  for  1982  are  provided  for  reference  purposes  for  participants  who  attended  the 
Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes 
for  participants  who  attended  the  1985,  1987,  and  1992  examinations. 
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Similarly,  on  microscopic  exammation  of  the  urinary  sediment,  it  is  not  unusual  to  find 
a  few  red  or  white  blood  cells  in  the  absence  of  definable  neoplastic  or  inflammatory  cause, 
trauma,  or  renal  calculi.  When  documented  as  an  isolated  finding  in  the  absence  of 
symptoms  or  other  signs,  such  intermittent  microcyturia  usually  can  be  considered  benign 
and  safely  followed  over  time. 

In  the  current  assessment,  no  significant  group  differences  were  noted  in  the  history  of 
urinary  tract  disease.  Furthermore,  in  the  Ranch  Hand  cohort,  there  was  no  evidence  linking 
prior  dioxin  exposure  or  the  current  body  burden  of  dioxin  to  the  occurrence  of  renal  disease 
or  the  presence  of  renal  calculi  detected  by  plain  films  of  the  abdomen. 

In  the  analyses  of  laboratory  data,  several  statistically  significant  associations  were 
documented.  Although  the  prevalence  of  microhematuria  was  similar  in  both  groups.  Ranch 
Hands  with  the  highest  levels  of  extrapolated  initial  dioxin  had  a  significantly  higher 
prevalence  of  microhematuria  than  Comparisons  in  both  the  unadjusted  (5.8%  vs.  2.0%, 
p=0.002)  and  adjusted  (p=0.003)  analyses.  These  results  are  similar  to  those  documented 
in  the  Serum  Dioxin  Analysis  Report,  when  hematuria  was  noted  in  10.2  percent  of  Ranch 
Hands  with  high  initial  dioxin  levels  versus  4.9  percent  of  those  with  low  exposure. 

Although  not  statistically  significant,  the  analyses  employing  current  serum  dioxin  yielded 
results  consistent  with  a  dose-response  effect.  Clinically,  the  finding  of  hematuria  can  signal 
the  presence  of  “silent”  renal  calculi  or  neoplastic  disease. 

The  presence  of  white  blood  cells  in  the  urine  (pyuria)  can  be  a  marker  for  the  presence 
of  a  urinary  tract  infection.  Though  the  overall  history  of  renal  disease  was  similar  in  both 
cohorts,  those  Ranch  Hands  most  highly  exposed  to  dioxin,  the  enlisted  groundcrew,  had 
twice  the  prevalence  of  pyuria  as  Comparisons  (4.5%  vs.  2.1%;  p=0.047). 

The  analysis  of  urine  specific  gravity  documented  a  highly  significant  positive 
association  with  current  serum  dioxin  in  all  models,  but  the  differences  in  the  means  are  not 
clinically  significant.  Analyses  of  serum  creatinine  and  proteinuria  revealed  no  differences 
between  the  cohorts. 

Dependent  variable-covariate  analyses  revealed  several  associations  that  are  well 
established  in  clinical  practice.  The  increased  occurrence  of  urinary  tract  disease  in  older 
participants  would  be  expected  with  benign  enlargement  of  the  prostate,  as  would  the  more 
common  occurrence  of  renal  calculi.  The  gradual  reduction  in  renal  mass  and  renal  plasma 
flow  that  occurs  with  benign  nephrosclerosis  is  associated  with  age-related  increases  in  serum 
creatinine  and  proteinuria.  Blacks,  at  increased  risk  for  hypertension  associated  with 
nephropathy,  were  found  to  be  at  increased  risk  for  proteinuria,  hematuria  and  elevation  in 
the  serum  creatinine.  Finally,  in  diabetics,  the  increased  occurrence  of  hypertensive 
arteriosclerotic  vascular  disease  and  urinary  tract  infections  related  to  glycosuria  provide  a 
reasonable  explanation  for  the  significant  covariate  associations  with  proteinuria,  pyuria,  and 
the  history  of  renal  disease. 

With  respect  to  the  variables  analyzed  longitudinally,  there  was  no  evidence  of  any 
detriment  related  to  the  current  body  burden  of  dioxin.  Consistent  with  the  exposure  analysis 
results  noted  above,  enlisted  groundcrew  Ranch  Hands  were,  by  longitudinal  analysis,  twice 
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as  likely  as  enlisted  groundcrew  Comparisons  to  develop  pyuria  over  time.  Though  this 
finding  raises  the  possibility  of  a  subtle  inflammatory  reaction,  the  similar  prevalence  of 
pyuria  in  Ranch  Hands  with  low  (3.3%)  and  high  (3.6%)  levels  of  serum  dioxin  provides 
evidence  against  a  dose-response  effect. 

In  summary,  the  data  analyzed  in  the  current  section  revealed  abnormalities  in  five 
laboratory  indices  common  in  ambulatory  practice.  With  the  possible  exception  of  hematuria 
noted  above,  there  was  no  consistent  evidence  for  any  detriment  related  to  current  body 
burden  of  dioxin  or  to  the  estimated  severity  of  prior  exposure. 

SUMMARY 

Seven  dependent  variables  were  analyzed  in  the  Renal  Assessment— kidney  disease, 
kidney  stones,  urinary  protein,  ininary  red  blood  cell  count,  urinary  white  blood  cell  count, 
serum  creatinine,  and  urine  specific  gravity.  Subjects’  prior  history  of  kidney  disease  was 
verified  from  medical  records  and  the  presence  of  kidney  stones  by  x  ray  was  evaluated 
during  the  physical  exam.  The  remaining  five  variables  were  measured  through  laboratory 
analysis.  These  seven  health  endpoints  were  analyzed  for  associations  with  group  (Model  1), 
initial  dioxin  (Model  2),  categorized  initial  dioxin  (Model  3),  current  lipid-adjusted  dioxin 
(Model  4),  and  current  whole-weight  dioxin  (Models  5  and  6).  Of  the  seven  variables, 
serum  creatinine  and  urine  specific  gravity  were  analyzed  in  continuous  form,  while  the  other 
five  variables  were  examined  in  discrete  form.  In  addition,  four  of  the  seven  variables  were 
examined  longitudinally  (urinary  protein,  urinary  red  blood  cell  count,  urinary  white  blood 
cell  count,  and  urine  specific  gravity).  The  results  of  the  group,  initial  dioxin,  categorized 
dioxin  and  current  dioxin  analyses  are  summarized  in  Tables  17-14  through  17-17.  A 
summary  of  group-by-covariate  and  dioxin-by-covariate  interactions  is  foimd  in  Table  17-18. 

Model  1:  Group  Analysis 

Examination  of  the  unadjusted  and  adjusted  results  from  Model  1  showed  no  significant 
overall  group  differences  among  the  seven  variables.  However,  when  the  analyses  were 
stratified  by  occupation,  a  significant  group  difference  was  detected  for  urinary  white  blood 
cell  count  in  the  enlisted  groundcrew  stratum  (Adj.  RR=2.23,  95%  C.I.=[1.07,  4.67]). 

The  longitudinal  analysis  results  paralleled  these  findings.  A  significant  overall  group 
difference  was  not  detected  for  each  of  the  longitudinal  variables.  However,  stratifying  the 
results  by  occupation  revealed  a  significant  group  difference  within  the  enlisted  groundcrew 
stratum  for  increases  in  urinary  white  blood  cell  count  over  time  (Table  17-12(a):  Adj. 
RR=2.69,  95%  C.I.  =  [1.14,  6.32]).  The  adjusted  relative  risks  estimated  from  the  Model  1 
analysis  were  based  on  participants  without  evidence  of  urinary  white  blood  cells  in  1982. 

Model  2:  Initial  Dioxin  Analysis 

Reviewing  the  results  of  Model  2,  kidney  stones  was  the  only  variable  that  displayed  a 
significant  association  with  initial  dioxin.  The  unadjusted  analysis  exhibited  a  significant 
decrease  in  kidney  stones  with  increasing  initial  dioxin.  This  association  became  marginally 
significant  after  adjusting  for  age. 


17-59 


Table  17-14. 

Summary  of  Group  Analyses  (Model  1)  for  Renal  Variables 
(Ranch  Hands  ts.  Comparisons) 


UNADJUSTED 

Variable 

AU 

Officer 

Enlisted  Flyer 

Enlisted  Groundcrew 

Medical  Records 

History  of  Kidney  Disease  (D) 

NS 

NS 

NS 

ns 

Physical  Examination 

Kidney  Stones  (D) 

NS 

ns 

NS 

NS 

Laboratory 

Urinary  Protein  (D) 

NS 

NS 

ns 

ns 

Urinary  Red  Blood  Cell  Count  (D) 

NS 

NS 

NS 

NS 

Urinary  White  Blood  Cell  Count  (D) 

NS 

ns 

ns 

+0.047 

Serum  Creatinine  (C) 

NS 

ns 

NS 

NS 

Urine  Specific  Gravity  (C) 

ns 

NS 

ns 

ns 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+:  Relative  risk  >  1.00. 

NS  or  ns:  Not  significant  (p  >0.10). 

Note:  P-value  given  if  p  <0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1.00  or  greater  for  discrete  analyses  or  difference  of  means 
nonnegative  for  continuous  analyses.  A  lower  case  “ns”  denotes  relative  risk  less  than  1 .00  for  discrete 
analyses  or  difference  of  means  negative  for  continuous  analyses. 
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Table  17-14.  (Continued) 

Sununary  of  Group  Analyses  (Model  1)  for  Renal  Variables 
(Ranch  Hands  ys.  Comparisons) 


ADJUSTED 

Vamble 

All 

Omcer 

Ettlfeted  Flyer 

Enlisted  Groundcrew 

Medical  Records 

History  of  Kidney  Disease  (D) 

NS 

NS 

NS 

ns 

Physical  Examination 

Kidney  Stones  (D) 

NS 

ns 

NS 

NS 

Laboratory 

Urinaiy  Protein  (D) 

NS 

NS 

ns 

ns 

Urinary  Red  Blood  Cell  Count  (D) 

NS 

NS 

NS 

NS 

Urinary  White  Blood  Cell  Count  (D) 

NS 

ns 

ns 

+0.033 

Serum  Creatinine  (C) 

**(NS) 

**(NS) 

**(NS) 

**(ns) 

Urine  Specific  Gravity  (C) 

ns 

NS 

ns 

ns 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+  :  Relative  risk  >  1,00. 

NS  or  ns:  Not  significant  (p> 0.10). 

**(NS)  or  **(ns):  Group-by-covariate  interaction  (p<0.05);  not  significant  when  interaction  is  deleted;  refer  to 
Appendix  M-2  for  further  analysis  of  this  interaction. 

Note:  P-value  given  if  p< 0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1.00  or  greater  for  discrete  analysis  or  difference  of  means 
nonnegative  for  continuous  analysis;  a  lower  case  “ns”  denotes  relative  risk  less  than  1.00  for  discrete 
analysis  or  difference  of  means  negative  for  continuous  analysis. 
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Table  17-15. 

Summary  of  Initial  Dioxin  Analyses  (Model  2)  for  Renal  Variables 

(Ranch  Hands  Only) 


Var^ble 

:  Unadjusted^ 

Adjusted 

IVledical  Records 

History  of  Kidney  Disease  (D) 

ns 

ns 

Physical  Examination 

Kidney  Stones  (D) 

-0.016 

**(ns*) 

Laboratory 

Urinary  Protein  (D) 

NS 

NS 

Urinary  Red  Blood  Cell  Count  (D) 

NS 

NS 

Urinary  White  Blood  Cell  Count  (D) 

ns 

ns 

Serum  Creatinine  (C) 

ns 

**(ns) 

Urine  Specific  Gravity  (C) 

NS 

**(NS) 

C:  Continuous  analysis. 

D;  Discrete  analysis. 

Relative  risk  <  1.00. 

NS  or  ns:  Not  significant  (p  >0.10). 
ns*:  Marginally  significant  (0.05  <p  <0.10). 

**(NS)  or  **(ns):  Logj  (initial  dioxin)-by-covariate  interaction  (p<0.05);  not  significant  when  interaction  is 
deleted;  refer  to  Appendix  M-2  for  further  analysis  of  this  interaction. 

**(ns*):  Log2  (initial  dioxin)-by-covariate  interaction  (p<0.05);  marginally  significant  when  interaction  is 
deleted;  refer  to  Appendix  M-2  for  further  analysis  of  this  interaction. 

Note:  P-value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1.00  or  greater  for  discrete  analysis  or  nonnegative  slope  for 
continuous  analysis;  a  lowercase  “ns”  denotes  relative  risk  less  than  1 .00  for  discrete  analysis  or  negative 
slope  for  continuous  analysis. 
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Table  17-16. 

Summary  of  Categorized  Dioxin  Analyses  (Model  3)  for  Renal  Variables 
(Ranch  Hands  vs.  Comparisons) 


UNADJUSTED 

Variable 

Background  Ranch 
&nds  vs. 
Comparisons  - 

Low  Ranch 
Sands  vs. 
Comparisons 

High  Ranch 
Hands  vs. 
Comparisons 

Low  plus  High 
Ranch  Htmds  vs. 
Comparisons 

Medical  Records 

History  of  Kidney  Disease  (D) 

Physical  Examination 

NS 

NS 

NS 

NS 

Kidney  Stones  (D) 

NS 

NS 

NS 

NS 

Laboratory 

Urinary  Protein  (D) 

NS 

ns 

ns 

ns 

Urinary  Red  Blood  Cell  Count 
(D) 

NS 

NS 

+0.002 

+0.019 

Urinary  White  Blood  Cell 
Count  (D) 

NS 

NS 

NS 

NS 

Serum  Creatinine  (C) 

ns 

NS 

ns 

NS 

Urine  Specific  Gravity  (C) 

ns 

ns 

NS 

ns 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+  :  Relative  risk  >  1.00. 

NS  or  ns:  Not  significant  (p>0.10). 

Note:  P-value  given  if  p  <0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1.00  or  greater  for  discrete  analysis  or  difference  of  means 
nonnegative  for  continuous  analysis;  a  lower  case  “ns”  denotes  relative  risk  less  than  1.00  for  discrete 
analysis  or  difference  of  means  negative  for  continuous  analysis. 
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Table  17-16.  (Continued) 

Sununary  of  Categorized  Dioxin  Analyses  (Model  3)  for  Renal  Variables 
(Ranch  Hands  ts.  Comparisons) 


i  t  -  ^  ADJUSTED 

Variable 

Background  Ranch 
Hands  vs. 
Comparisons 

Low  Ranch 
Bands  vs. 
COmparistHis 

High  Ranch 
Hands  vs. 
Comparisons 

Low  pins  EBgh 
Ranch  Hands  vs. 
Comparisons 

Medical  Records 

History  of  Kidney  Disease  (D) 

niysical  Examination 

NS 

NS 

NS 

NS 

Kidney  Stones  (D) 

ns 

NS 

NS 

NS 

Laboratory 

Urinary  Protein  (D) 

NS 

ns 

ns 

ns 

Urinary  Red  Blood  Cell  Count 
(D) 

**(NS) 

**(NS) 

**(-1-0.003) 

**(-+-0.035) 

Urinary  White  Blood  Cell 
Count  (D) 

NS 

NS 

NS 

NS 

Serum  Creatinine  (C) 

**(ns) 

**(NS) 

**(ns) 

**(NS) 

Urine  Specific  Gravity  (C) 

ns 

ns 

ns 

ns 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+  :  Relative  risk  >  1.00. 

NS  or  ns:  Not  significant  (p>  0.10). 

**(NS)  or  **(ns):  Categorized  dioxin-by-covariate  interaction  (p<0.05);  not  significant  when  interaction  is 
deleted;  refer  to  Appendix  M-2  for  further  analysis  of  this  interaction. 

**(...):  Categorized  dioxin-by-covariate  interaction  (p<0.05);  significant  when  interaction  is  deleted  and  p- 
value  is  given  in  parentheses;  refer  to  Appendix  M-2  for  further  analysis  of  this  interaction. 

Note:  P-value  given  if  p  <0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1.00  or  greater  for  discrete  analysis  or  difference  of  means 
nonnegative  for  continuous  analysis;  a  lower  case  “ns”  denotes  relative  risk  less  than  1 .00  for  discrete 
analysis  or  difference  of  means  negative  for  continuous  analysis. 
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Table  17-17. 

Summary  of  Current  Dioxin  Analyses  (Models  4,  5,  and  6)  for  Renal  Variables 

(Ranch  Hands  Only) 


Variable 

UNADJUSTED 

Model  4: 
Lipid^Adjiisted 
Cmrent  Dioxin 

Model  5: 
t^ole-Weight  . 
Current  Dioxin  - 

Model  6: 

Whole-Weight  Current  Dioxin 
Adjusted  for  Total  Lipids  . 

Medical  Records 

History  of  Kidney  Disease  (D) 

NS 

NS 

NS 

Physical  Examination 

Kidney  Stones  (D) 

ns 

ns 

ns 

Laboratory 

Urinary  Protein  (D) 

NS 

NS 

NS 

Urinary  Red  Blood  Cell  Count  (D) 

NS 

NS 

NS 

Urinary  White  Blood  Cell  Count  (D) 

NS 

NS 

NS 

Serum  Creatinine  (C) 

NS 

NS 

NS 

Urine  Specific  Gravity  (C) 

+0.013 

+0.007 

+0.027 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

-f:  Slope  nonnegative. 

NS  or  ns:  Not  significant. 

Note:  P-value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1.00  or  greater  for  discrete  analysis  or  nonnegative  slope  for 
continuous  analysis;  a  lower  case  “ns”  denotes  relative  risk  less  than  1.00  for  discrete  analysis  or 
negative  slope  for  continuous  analysis. 
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Table  17-17.  (Continued) 

Summary  of  Current  Dioxin  Analyses  (Models  4,  5,  and  6)  for  Renal  Variables 

(Ranch  Hands  Only) 


Variable 

ADJUSTED 

Model  4: 
Lipid«Adjii$ted 
Current  Dioxin 

Models: 
Whole-Weight 
Current  Dioxin 

Model  6: 

Whole-Weight  Current  Dioxin 
Adjusted  for  Total  Lipids 

Medical  Records 

History  of  Kidney  Disease  (D) 

NS 

NS 

NS 

Physical  Examination 

Kidney  Stones  (D) 

ns 

ns 

ns 

Laboratory 

Urinary  Protein  (D) 

**(NS) 

**(NS) 

**(NS) 

Urinary  Red  Blood  Cell  Count  (D) 

**(NS) 

**(NS) 

**(NS) 

Urinary  White  Blood  Cell  Count  (D) 

ns 

ns 

ns 

Serum  Creatinine  (C) 

NS 

NS 

NS 

Urine  Specific  Gravity  (C) 

+0.013 

+0.007 

NS 

C;  Continuous  analysis. 

D:  Discrete  analysis. 

+ :  Slope  nonnegative. 

NS  or  ns:  Not  significant. 

**(NS):  Loga  (current  dioxin  +  l)-by-covariate  interaction  (p<0.05);  not  significant  when  interaction  is 
deleted;  refer  to  Appendix  M-2  for  further  analysis  of  this  interaction. 

Note:  P-value  given  if  p <0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1.00  or  greater  for  discrete  analysis  or  nonnegative  slope  for 
continuous  analysis;  a  lower  case  “ns”  denotes  relative  risk  less  than  1 .00  for  discrete  analysis  or 
negative  slope  for  continuous  analysis. 
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Table  17-18. 

Summary  of  Group-by-Covariate  and  Dioxin-by-Covariate  Interactions 
from  Analyses  of  Renal  Variables 


.  Model  : 

Variable 

Covariate 

1* 

Serum  Creatinine 

Diabetic  Class 

2‘> 

Kidney  Stones 

Serum  Creatinine 

Urine  Specific  Gravity 

Diabetic  Class 

Diabetic  Class 

Age 

3' 

Urinary  Red  Blood  Cell  Count 

Serum  Creatinine 

Occupation 

Diabetic  Class 

4“ 

Urinary  Protein 

Urinary  Red  Blood  Cell  Count 

Diabetic  Class 
Occupation 

5® 

Urinary  Protein 

Urinary  Red  Blood  Cell  Count 

Diabetic  Class 
Occupation 

6' 

Urinary  Protein 

Urinary  Red  Blood  Cell  Count 

Diabetic  Class 
Occupation 

®  Group  Analysis  (Ranch  Hands  vs.  Comparisons). 

*’  Ranch  Hand— Log2  (Initial  Dioxin). 

Categorized  Dioxin. 

^  Ranch  Hand— Log2  (Current  Lipid-Adjusted  Dioxin  -t-  1). 

®  Ranch  Hand— Log2  (Current  Whole-Weight  Dioxin  -I-  1). 

^  Ranch  Hand— Log2  (Current  Whole-Weight  Dioxin  +  1)  Adjusted  for  Total  Lipids. 
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The  longitudinal  analyses  of  urinary  protein  revealed  a  marginally  significant  positive 
association  tvith  initial  dioxin;  results  for  the  other  variables  analyzed  longitudinally  were  not 
significant. 

Model  3:  Categorized  Dioxin  Analysis 

For  Model  3,  urinary  red  blood  cell  count  was  the  only  variable  to  display  a  significant 
association  with  categorized  dioxin.  A  significant  difference  was  observed  between  the  high 
Ranch  Hand  and  Comparison  categories  in  both  the  unadjusted  and  adjusted  analyses  (Adj. 
RR=2.98,  95%  C.I.  =[1.45,  6.14]).  Also,  both  analyses  detected  a  significant  relative  risk 
for  the  low  plus  high  Ranch  Hand  category  (Adj.  RR=1.97,  95%  C.I.  =  [1.05,  3.68]).  The 
Model  3  longitudinal  analyses  were  not  significant. 

Models  4,  5,  and  6:  Current  Dioxin  Analysis 

Urine  specific  gravity  was  the  only  variable  in  the  analyses  of  Models  4  through  6  to 
display  a  significant  association  with  current  dioxin.  The  unadjusted  analyses  of  Models  4 
through  6  revealed  a  significant  positive  association  with  current  dioxin.  The  adjusted 
analyses  for  Models  4  and  5  were  identical  to  the  unadjusted  analyses  because  no  covariates 
were  retained  in  the  final  models.  By  contrast,  the  adjusted  Model  6  analysis  kept 
occupation  in  the  final  model  causing  the  relationship  between  urine  specific  gravity  and 
current  dioxin  to  become  nonsignificant. 

CONCLUSION 

The  analysis  of  the  seven  renal  health  endpoints  revealed  isolated  statistically  significant 
findings,  but  did  not  reveal  consistent  evidence  for  any  detriment  related  to  group 
membership,  estimated  initial  dioxin  exposure,  or  current  serum  dioxin  levels.  One  finding 
that  deserves  scrutiny  in  future  examination  cycles  is  the  higher  prevalence  of  urinary  red 
blood  cells  (microhematuria)  for  Ranch  Hands  in  the  high  initial  dioxin  category  relative  to 
the  Comparison  group.  This  is  consistent  with  the  significant  positive  dose-response 
relationship  between  microhematuria  and  initial  dioxin  levels  (Ranch  Hands  only)  noted  in 
the  results  of  the  1987  examination.  However,  none  of  the  other  1992  exposure  analysis 
results  were  statistically  significant  for  urinary  red  blood  cell  count,  and  the  longitudinal 
analyses  indicate  that  the  prevalence  of  microhematuria  has  decreased  in  the  Ranch  Hand 
cohort  at  each  of  the  last  two  cycles.  Clinically,  the  detection  of  urinary  red  blood  cells  may 
signal  the  presence  of  silent  renal  calculi  or  neoplastic  disease.  The  analyses  of  kidney 
stones  did  not  support  the  presence  of  silent  renal  calculi.  Neoplastic  disease  is  discussed  in 
Chapter  10,  Neoplasia. 
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CHAPTER  18 


ENDOCRINE  ASSESSMENT 


INTRODUCTION 

Back^oimd 

The  essential  role  of  membrane  and  intracellular  receptors  in  human  endocrine  function 
has  been  firmly  established  and  extensively  studied  (1).  In  animal  models,  much  of  the  basic 
research  into  the  mechanism  of  dioxin  endocrine  toxicity  has  focused  on  the  dioxin-binding 
aryl  hydrocarbon  (Ah)  receptor,  which  is  superficially  similar  to  endocrine  receptors  that 
mediate  function  of  the  thyroid,  adrenal,  and  gonadal  hormones.  This  receptor  has  been 
recently  cloned  and  rapid  progress  can  be  expected  in  elucidating  the  taxonomy  of  this 
protein.  Dioxin  has  been  reported  in  previous  studied  to  have  several  endrocrine  effects. 
Although  such  receptors  have  not  been  isolated  in  human  pancreatic  (islet  cell)  tissue,  one 
previous  (2)  and  two  recent  (3,4)  reports  have  raised  the  possibility  that  2, 3,7,8- 
tetrachlorodibenzo-p-dioxin  (TCDD,  or  dioxin)  may  be  associated  with  impaired  glucose 
metabolism. 

As  documented  in  previous  (5-8)  and  more  recent  (9-13)  animal  studies,  the  thyroid  is  a 
target  organ  for  TCDD  toxicity  though  the  mechanism  is  not  clearly  defined.  Several  reports 
have  proved  that  dioxin-induced  changes  in  thyroid  indices  (serum  thyroxin  [TJ, 
triiodothyronine  [T3]  and  thyroid  stimulating  hormone  [TSH])  can  be  directionally  different 
with  definite  species  and  strain  specificity  (12,13). 

The  finding  in  laboratory  animals  of  physicochemical  similarities  between  the 
dioxin-binding  Ah  and  glucocorticoid  (GRc)  receptors  (14,15)  has  prompted  additional 
studies  of  the  interaction  of  TCDD  with  other  steroid  hormones.  Concern  about  the  potential 
for  harmful  reproductive  outcomes  in  humans,  particularly  veterans  exposed  to  herbicides 
during  the  Vietnam  War,  has  driven  much  of  the  basic  research  into  the  effects  of  dioxin  on 
estrogen  and  androgen  metabolism.  A  recent  article  provides  a  comprehensive  summary  of 
the  extensive  research  into  the  developmental  toxicity  and  teratogenicity  of  TCDD  in 
laboratory  animals  (16). 

In  an  early  smdy,  Kociba  and  colleagues  defined  the  anti-estrogen  effect  of  dioxin  and 
documented  a  reduction  in  the  incidence  of  estrogen-dependent  uterine  and  mammary 
neoplasms  in  TCD-treated  Long-Evans  rats  (17).  Some  of  TCDD’s  estrogen-antagonistic 
effects  appear  to  be  mediated  through  the  Ah  receptor  (18-20),  while  others  mimic  the  action 
of  progesterone  (21,22).  Additional  studies  (23,24),  including  recent  experiments  employing 
human  breast  cancer  cell  cultures  (25-26),  have  implicated  en2yme  induction  with  accelerated 
estradiol  metabolism  as  the  basis  for  TCDD’s  estrogen-antagonistic  effect. 

Experimental  studies  have  documented  numerous  adverse  male  reproductive  effects  in 
laboratory  animals  exposed  to  TCDD,  including  reduced  testicular  weight,  impaired 
spermatogenesis,  decreased  testicular  testosterone  secretion,  and  atrophy  of  the  androgen- 
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sensitive  seminal  vesicles  and  epididymis  (27-30).  Although  TCDD  administration  is 
associated  with  diminished  testicular  testosterone  secretion  in  rats  (31,32),  the  mechanism  is 
unclear  and  may  involve  the  hypothalamic-pituitary  axis.  In  rats,  TCDD  inhibits  the 
secretion  of  luteinizing  hormone  (LH)  by  the  pituitary  gland,  a  reaction  associated  with 
androgen  deficiency,  and  also  inhibits  the  response  of  the  pituitary  to  gonadotropin-releasing 
hormone  (GnRH)  secreted  by  the  hypothalamus  (33-35). 

Other  experiments  have  explored  the  effects  of  TCDD  on  the  pituitary  and  the 
hypothalamus  (36,37).  The  use  of  microsurgical  techniques  in  female  rats  revealed  that 
TCDD  toxicity  is  aggravated  by  hypophysectomy,  with  a  sparing  effect  noted  upon 
administering  either  corticosterone  or  thyroid  hormone  (36).  Another  study  defined  a 
biochemical  basis  for  the  effect  of  TCDD  on  prolactin  levels,  controlled  by  the 
adenohypophysis  in  female  rats  (38). 

The  relevance  of  these  experimental  studies  to  endocrine  disease  in  humans  is  uncertain, 
but  the  reports  cited  above  (2-4)  have  raised  the  possibility  that  TCDD  exposure  is  associated 
with  altered  glucose  metabolism  and  an  increased  risk  for  diabetes.  In  the  serum  dioxin 
analyses  of  examination  data  collected  in  1987-88  (4),  Ranch  Hand  participants  with  the 
highest  serum  dioxin  levels  were  nearly  three  times  more  likely  to  have  elevated  fasting 
blood  sugar  than  were  their  Comparisons.  Similarly,  in  a  preliminary  report  from  the 
National  Institute  for  Occupational  Safety  and  Health  (NIOSH),  an  increased  incidence  of 
diabetes  was  found  in  workers  exposed  to  dioxin  (mean  serum  TCDD  level  of  220  ppt) 
versus  unexposed  controls  (mean  level  of  7  ppt)  (39). 

Summary  of  Previous  Analyses  of  the  Air  Force  Health  Study 

1982  Baseline  Study  Summary  Results 

A  comprehensive  laboratory  evaluation  of  the  endocrine  system  was  used  for  analysis  in 
the  Baseline  examination  in  1982.  Five  measures  of  endocrine  status  were  assessed:  1l^7o 
uptake,  T4,  free  thyroxine  index  (FTI),  testosterone,  and  2-hour  postprandial  glucose. 

Because  technical  capability  did  not  exist  to  reliably  perform  semm  dioxin  evaluation  in 
1982,  serum  samples  were  collected  and  frozen  for  possible  later  analysis,  but  no  models 
based  on  actual  dioxin  level  were  accomplished  in  1982. 

Results  showed  significant  group  differences  for  T3%  uptake  (abnormally  low), 
predominantly  in  Ranch  Hands  40  years  old  or  younger;  the  highest  percentage  of 
abnormalities  was  in  those  with  high  percent  body  fat.  No  group  difference  was  noted  for 
elevated  2-hour  postprandial  glucose  values,  and,  as  expected,  the  prevalence  of  abnormal 
values  was  associated  with  increased  age  and  higher  percent  body  fat.  Lower  testosterone 
values  also  were  associated  with  increased  age  and  higher  percent  body  fat.  Higher  mean 
testosterone  values  (although  still  within  normal  range)  were  significantly  more  prevalent  in 
the  Ranch  Hand  group.  Significant  mean  shifts  were  not  noted  for  the  T3%  uptake,  T4,  and 
FTI  variables. 
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These  data,  coupled  with  the  animal  literature  on  the  profound  influence  of  the 
endocrine  system  on  lethality  and  body  fat  metabolism  following  TCDD  exposure,  clearly 
underscored  the  importance  of  evaluating  the  endocrine  system  more  comprehensively,  as  in 
the  subsequent  followup  examinations. 

1985  Followup  Study  Summary  Results 

Questionnaire  and  review-of-systems  data  for  past  thyroid  disease  were  essentially 
equivalent  in  both  the  Ranch  Hand  and  Comparison  groups.  These  historical  data  were 
confirmed  by  medical  record  reviews.  Physical  examination  findings  were  necessarily 
limited  to  data  from  palpation  of  thyroid  glands  and  testicles;  the  unadjusted  results  showed 
no  significant  group  differences. 

Evaluation  of  the  endocrine  system  was  conducted  primarily  by  laboratory  testing.  The 
thyroid  test  battery  consisted  of  lj,%  uptake  and  TSH,  as  determined  by  radioimmunoassay 
(RIA)  techniques.  Testosterone,  initial  cortisol,  differential  cortisol  (the  difference  between 
the  initial  and  2-hour  cortisol  levels),  and  2-hour  posq)randial  glucose  levels  also  were 
analyzed.  The  7^%  uptake  data  showed  no  group  differences  for  either  mean  values  or 
frequency  of  abnormally  low  or  high  values.  TSH  results  revealed  a  significantly  higher 
mean  level  in  the  Ranch  Hand  group,  but  this  difference  was  not  detected  by  discrete  analysis 
of  the  proportions  of  abnormally  high  TSH  results. 

The  mean  level  of  testosterone  remained  significantly  elevated  among  Ranch  Hands  as 
contrasted  with  Comparisons  in  the  10  to  25  percent  body  fat  category,  but  this  difference 
was  not  reflected  in  the  discrete  analyses.  For  the  few  participants  with  less  than  10  percent 
body  fat  (six  Ranch  Hands,  four  Comparisons),  mean  testosterone  levels  were  lower  for 
Ranch  Hands  than  for  Comparisons. 

Two  timed  cortisol  specimens  showed  no  significant  group  differences  in  mean  values 
and  percent  abnormalities.  The  difference  between  the  timed  cortisol  results,  termed  the 
“differential  cortisol,”  showed  no  significant  group  differences  for  non-Blacks  or  Blacks  bom 
before  1942,  but  Black  Ranch  Hands  bom  in  or  after  1942  had  a  lower  mean  differential 
cortisol  level  than  did  their  Comparisons. 

Group  means  of  2-hour  postprandial  glucose  levels  were  not  statistically  different,  but 
discrete  analyses  revealed  that  there  was  a  significantly  higher  firequency  of  glucose-impaired 
(at  least  140  mg/dl,  but  less  than  200  mg/dl)  Comparisons  than  R^ch  Hands.  A  constmcted 
variable,  comprising  known  diabetics  and  individuals  classified  as  diabetic  by  the  glucose 
tolerance  test,  showed  no  difference  between  the  Ranch  Hand  and  Comparison  groups.  As 
expected,  past  and  current  diabetes  were  highly  influenced  by  the  covariates  age,  race,  and 
percent  body  fat. 

1987  Followup  Study  Summary  Results 

The  endocrinologic  assessment  did  not  disclose  any  statistically  significant  differences 
between  the  Ranch  Hand  and  Comparison  groups.  The  percentage  of  participants  who 
indicated  problems  with  current  thyroid  disease  was  similar  between  groups,  as  were  the 
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percentages  of  thyroid  and  testicular  abnormalities  determined  by  palpation  at  the  physical 
examination.  Of  the  six  laboratory  examination  variables  examined— T3%  uptake,  TSH, 
follicle  stimulating  hormone  (FSH),  testosterone,  2-hour  postprandial  glucose,  and  a  composite 
diabetes  indicator — ^the  Ranch  Hand  TSH  mean  was  marginally  higher  than  the  Comparison 
TSH  mean,  a  finding  that  was  statistically  significant  at  the  1985  examination.  Ranch  Hand 
and  Comparison  mean  levels  for  the  other  laboratory  variables,  including  testosterone,  were 
similar.  For  all  laboratory  variables,  the  percentage  of  Ranch  Hands  with  abnormal  values 
was  higher  than  that  of  Comparisons  with  abnormal  values,  but  none  of  these  differences  were 
statistically  significant.  Group  differences  for  fasting  glucose,  analyzed  in  the  gastrointestinal 
assessment,  also  were  nonsignificant. 

Serum  Dioxin  Analysis  of  1987  Followup  Study  Summary  Results 

The  endocrine  assessment  found  a  strong  association  between  initial  dioxin  and  an 
increase  in  diabetes  and  testes  abnormalities.  However,  the  analyses  of  current  dioxin  levels 
in  Ranch  Hands  and  Comparisons  indicated  that  the  increased  risk  was  only  apparent  for 
Ranch  Hands  in  the  high  current  dioxin  category  (>33.3  ppt,  n=187).  These  Ranch  Hands 
also  had  significantly  higher  mean  levels  of  TSH,  fasting  glucose,  and  2-hour  postprandial 
glucose  than  background  Comparisons,  as  well  as  lower  mean  levels  of  T3%  uptake  and 
testosterone.  The  discrete  analyses  of  these  variables  foimd  a  significant  increase  in 
abnormally  elevated  fasting  glucose  levels  and  diabetic  2-hour  postprandial  glucose  levels. 

Parameters  for  the  Endocrine  Assessment 

Dependent  Variables 

Questionnaire,  physical  examination,  and  laboratory  data  collected  at  the  Air  Force 
Health  Study  (AFHS)  1992  followup  were  used  in  the  endocrine  assessment.  The  self- 
reported  information  collected  from  the  1992  questionnaire  were  subsequently  verified  and 
analyses  were  based  on  the  verified  data. 

Medical  Records  Data 

The  1992  questionnaire  posed  a  general  screening  question  on  thyroid  function  and 
disease.  Each  participant  was  asked  dming  the  face-to-face  health  interview,  “Since  the  date 
of  the  last  interview,  has  a  doctor  told  you  for  the  first  time  that  you  had  thyroid  problems? 
All  affirmative  responses  were  verified  by  medical  record  review  and  added  to  physical 
examination  data  and  previously  reported  and  verified  information  on  the  thyroid  function 
from  the  1982  Baseline,  the  1985  followup,  and  the  1987  followup  for  each  participant. 

Based  on  the  verified  data,  history  of  thyroid  disease  (interviewer-administered)  was  classified 
as  “yes”  or  “no.”  Participants  with  a  pre-SEA  history  of  thyroid  disease  were  excluded  from 
the  analysis  of  the  history  of  thyroid  disease  variable. 

Similar  information  was  asked  of  each  participant  regarding  diabetes.  This  information 
also  was  verified  and  combined  with  previous  information.  Participants  with  a  verified 
history  of  diabetes  were  combined  with  those  participants  with  a  2-hour  postprandial  glucose 
level  of  200  mg/dl  or  greater  at  the  1992  physical  examination  and  classified  as  “yes”  for  a 
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composite  diabetes  indicator  variable.  Those  participants  without  a  verified  history  of 
diabetes  and  with  a  2-hour  postprandial  glucose  level  of  less  than  200  mg/dl  at  the  1992 
physical  examination  were  classified  as  “no.”  This  composite  diabetes  indicator,  derived  from 
medical  records  review  and  laboratory  results,  was  analyzed  as  part  of  the  endocrine 
assessment.  This  variable  also  was  used  to  distinguish  diabetics  from  nondiabetics.  The 
percentage- of  participants  classified  as  diabetic  at  each  of  the  examinations  (1982,  1985,  1987, 
and  1992)  are  presented  in  the  longitudinal  analysis  of  the  composite  diabetes  indicator  (refer 
to  Table  18-71). 

As  part  of  the  1992  questionnaire,  questions  were  asked  of  diabetics  regarding  the  use  of 
insulin,  oral  diabetes  medication,  and  diet.  This  self-reported  information  was  verified  and  a 
diabetic  severity  index  was  constructed  and  analyzed  for  all  participants.  This  index  was 
categorized  as  “insulin  dependent,”  “oral  hypoglycemics,”  “diet  only,”  or  “no  treatment”  for 
diabetics  and  “no  diabetes”  for  nondiabetics. 

The  date  on  which  a  participant  was  diagnosed  with  diabetes  was  used  to  create  a  time  to 
diabetes  onset  variable,  by  determining  the  number  of  years  between  the  date  of  diagnosis  and 
the  end  date  of  the  last  time  of  duty  in  SEA.  The  number  of  years  for  those  participants  who 
have  not  been  diagnosed  with  diabetes,  which  includes  participants  with  a  2-hour  postprandial 
glucose  level  of  >  200  mg/dl  at  the  1992  physical  examination  but  not  yet  diagnosed  with 
diabetes,  is  the  number  of  years  between  the  1992  examination  date  and  the  end  date  of  the 
last  time  of  duty  in  SEA. 

Participants  with  a  pre-SEA  history  of  diabetes  were  excluded  from  the  analyses  of  the 
composite  diabetes  indicator,  the  diabetic  severity  variable,  and  the  time  to  diabetes  onset 
variable.  Additionally,  any  participant  who  developed  diabetes  during  his  time  of  duty  in 
SEA  was  excluded  from  the  time  to  diabetes  onset  variable. 

Physical  Examination  Data 

The  physical  examination  of  the  endocrine  function  included  manual  palpation  of  the 
thyroid  gland  and  ultrasound  techniques  to  determine  testicular  abnormalities.  Thyroid 
abnormalities  consisted  of  enlarged  gland,  tenderness,  presence  of  nodules,  or  thyroidectomies. 
Ultrasound  techniques  for  the  assessment  of  abnormal  testes  and  measurement  of  testicular 
volume  are  new  to  the  AFHS  for  the  1992  followup  and  represent  a  major  enhancement  over 
previous  cycles,  which  relied  on  a  more  subjective  measure  determined  from  manual 
palpation.  Participants  with  pre-SEA  history  of  thyroid  disease  or  taking  thyroid  medication 
were  excluded  from  the  analysis  of  the  thyroid  gland.  For  the  analysis  of  the  testicular 
volume,  participants  with  orchiectomies  were  excluded. 

In  addition,  analyses  restricted  to  diabetic  participants  were  performed  for  several 
variables.  Variables  generated  from  the  physical  examination  include  retinopathy  results, 
neuropathy  results,  and  leg  and  peripheral  Doppler  pulse  data  (radial,  femoral,  popliteal, 
dorsalis  pedis,  posterior  tibial,  dl  leg,  and  all  peripheral  pulses).  Pulse  data  based  on  all 
participants  are  analyzed  in  the  cardiovascular  assessment  (see  Chapter  15).  Participants  with 
pre-SEA  diabetes  were  excluded  from  the  analyses  of  these  variables. 
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Laboratory  Examination  Data 

For  the  1992  followup,  14  laboratory  variables  were  analyzed  statistically  in  the 
endocrine  assessment  for  all  participants.  TSH  (/ilU/ml),  T4  (/ig/dl),  LH  (mlU/ml),  and  FSH 
(mlU/ml)  were  conducted  by  immunoassays  based  on  chemiluminescence  technology. 
Measurements  for  fasting  glucose  (mg/dl)  were  made  using  Paramax®  equipment.  Fasting 
urinary  glucose  analyses  were  conducted  by  accepted  dipstick  methods  using  a  Clinitek  200® 
analyzer.  Anti-thyroid  antibodies,  serum  insulin  (mlU/ml),  serum  glucagon  (pg/ml),  total 
testosterone  (ng/dl),  free  testosterone  (pg/ml),  sex  hormone  binding  globulin  (nmol/1),  and 
estradiol  (pg/ml)  were  conducted  by  radioimmxmoassay  (RIA).  An  automated  column 
chromatography  analyzer  was  used  to  measure  a-l-C  hemoglobin  (percent).  An  additional 
variable,  the  ratio  of  total  testosterone  to  sex  hormone  binding  globulin,  also  was  analyzed. 

Also,  laboratory  results  for  fasting  glucose,  fasting  urinary  glucose,  serum  insulin,  serum 
glucagon,  and  a-l-C  hemoglobin  were  analyzed  separately  for  diabetics.  Urinary  protein, 
serum  proinsulin  (ng/ml),  and  serum  C  peptide  (ng/ml)  also  were  analyzed  for  diabetics  only. 
Original  plans  were  to  analyze  islet  cell  antibodies  (present  or  absent)  for  diabetics,  but  no 
participant  had  islet  cell  antibodies  present. 

The  Nichols  Institute  laboratory  performed  the  serum  proinsulin  assays.  Elevated  serum 
proinsulin  is  often  a  result  of  insulinoma,  a  benign  or  malignant  islet  cell  tumor  of  the 
pancreatic  islets.  The  proteinuria  measurement,  while  being  an  indicator  of  the  renal  function, 
is  also  important  in  the  endocrine  assessment  because  urinary  protein  is  often  present  in 
diabetics. 

Also,  laboratory  results  for  fasting  glucose,  fasting  urinary  glucose,  serum  insulin,  serum 
glucagon,  and  a-l-C  hemoglobin  were  analyzed  with  the  analysis  restricted  to  nondiabetics.  — 
In  addition,  the  analyses  of  2-hour  postprandial  glucose  and  2-hour  postprandial  urinary 
glucose  were  restricted  to  nondiabetics  only.  Measurements  for  2-hour  postprandial  glucose 
(mg/dl)  were  made  using  Paramax®  equipment.  Analyses  for  2-hour  postprandial  urinary 
glucose  were  conducted  by  accepted  dipstick  methods  using  a  Clinitek  200®  analyzer.  The 
100-gram  glucose  load  for  the  postprandial  assays  was  standardized  by  the  use  of  Glucola® 
and  was  not  given  to  diabetics. 

All  laboratory  variables  were  analyzed  in  both  discrete  and  continuous  forms  except  for 
anti-thyroid  antibodies,  fasting  urinary  glucose,  2-hour  postprandial  urinary  glucose,  urinary 
protein,  sex  hormone  binding  globulin,  and  the  total  testosterone  to  sex  hormone  binding 
globulin  ratio.  These  variables  were  analyzed  as  discrete  variables  only.  Sex  hormone 
binding  globulin  and  the  total  testosterone  to  sex  hormone  binding  globulin  ratio  were 
categorized  as  “low”  or  “normal.”  The  cutpoints  for  sex  hormone  binding  globulin  were 
based  on  Scripps  Clinic  and  Research  Facility  (SCRF)  reference  values.  For  the  total 
testosterone  to  sex  hormone  binding  globulin  ratio,  “low”  is  defined  as  the  10th  percentile  of 
all  data,  because  the  clinical  cutpoints  have  not  been  determined.  Sex  hormone  binding 
globulin  and  the  total  testosterone  to  sex  hormone  binding  globulin  ratio  only  were  analyzed 
as  discrete  variables  due  to  the  large  percentage  of  sex  hormone  binding  globulin 
measurements  below  the  minimum  level  of  detection.  The  other  variables  were  dichotomized 
as  “present”  or  “absent.” 
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The  cutpoints  for  the  discrete  analyses  of  other  laboratory  variables  also  were  based  on 
SCRF  reference  values.  TSH,  T4,  serum  insulin,  and  serum  C  peptide  were  categorized  as 
“abnormally  low,”  “normal,”  and  “abnormally  high.”  However,  due  to  sparse  sample  sizes, 
the  “abnormally  low”  category  was  combined  with  the  “normal”  category  for  TSH  and  serum 
C  peptide.  For  T4,  the  “normal”  and  “abnormally  high”  categories  were  combined.  The 
results  for  2-hour  postprandial  glucose  were  coded  as  “normal”  and  “impaired.”  All  other 
laboratory  variables  were  dichotomized  as  “normal”  or  “abnormal”  (abnormally  high  for  all 
variables,  except  for  total  testosterone  and  free  testosterone,  which  were  classified  according 
to  abnormally  low  values). 

Participants  with  thyroidectomies,  a  pre-SEA  history  of  thyroid  disease,  or  who  are 
taking  thyroid  medication  were  excluded  from  the  analyses  of  TSH,  T4,  and  anti-thyroid 
antibodies.  For  total  and  free  testosterone,  sex  hormone  binding  globulin,  and  the  total 
testosterone  to  sex  hormone  binding  globulin  ratio,  participants  with  orchiectomies  and  those 
taking  testosterone  medication  were  excluded.  Participants  with  pre-SEA  diabetes  were 
excluded  from  the  analysis  of  fasting  glucose,  2-hour  postprandial  glucose,  fasting  urinary 
glucose,  2-hour  postprandial  urinary  glucose,  serum  insulin,  serum  glucagon,  a-l-C 
hemoglobin,  urinary  protein,  serum  proinsulin,  and  serum  C  peptide.  Due  to  a  change  in  the 
preservative  used  to  stabilize  glucagon  in  blood  samples,  data  from  examination  groups  68  to 
81  were  excluded  from  the  analysis  of  the  serum  glucagon  measurements.  The  batch  of 
preservative  purchased  after  group  67  was  claimed,  by  the  manufacturer,  to  be  identical  to  the 
previous  product,  which  was  no  longer  available,  but  was  later  discovered  to  contain 
differences. 

Covariates 

The  endocrine  assessment  includes  the  effects  of  the  covariates  age,  race,  and  military 
occupation  in  the  adjusted  analyses  of  all  variables.  To  adjust  for  the  effects  of  stress  on 
endocrinologic  measures,  personality  type  was  an  additional  covariate  for  all  variables  except 
estradiol,  luteinizing  hormone,  and  FSH.  Body  fat  was  included  in  the  adjusted  analyses  of 
all  variables  except  the  thyroid-related  variables  (past  thyroid  disease,  thyroid  gland 
abnormalities,  TSH,  T4,  and  anti-thyroid  antibodies),  estradiol,  luteinizing  hormone,  and  FSH. 

Age  and  body  fat  were  treated  as  continuous  variables  for  all  adjusted  analyses  and 
categorized,  as  necessary,  for  interaction  presentations.  Personality  type  was  determined  from 
the  Jenkins  Activity  Survey  administered  at  the  1992  examination.  This  variable  was  derived 
from  a  discriminant  function  equation  based  on  questions  that  best  discriminate  men  judged  to 
be  Type  A  from  those  judged  to  be  Type  B  (40).  Positive  scores  reflected  the  Type  A 
direction;  negative  scores  reflected  the  Type  B  direction.  This  variable  was  dichotomized  into 
Type  A  and  Type  B  for  all  analyses. 

Body  fat,  a  measure  of  the  relative  body  mass  of  an  individual  derived  from  height  and 
weight  recorded  at  the  physical  examination,  was  computed  by  the  following  formula  (41). 
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Body  Fat  (in  percent)  = 

[Height  (m)]^ 


X  1.264  -  13.305. 


In  its  discffete  form,  this  variable  was  dichotomized  as  lean  or  normal  (^5%)  and  obese 
(>25%). 

Each  participant  was  asked  in  the  1992  questionnaire  whether  anyone  in  his  immediate 
family  ever  had  diabetes  or  sugar  diabetes.  A  family  history  of  diabetes  covariate  was 
constructed  from  this  question  and  used  in  adjusted  analyses  of  all  diabetic-related  dependent 
variables,  including  variables  analyzed  for  diabetics  only. 

As  described  above,  analyses  restricted  to  diabetic  participants  were  conducted  for  a 
number  of  dependent  variables.  For  these  analyses,  a  diabetic  severity  index  was  constructed 
and  used  as  a  covariate.  This  covariate  was  categorized  as  “insulin  dependent,”  “oral 
hypoglycemics,”  “diet  only,”  or  “no  treatment,”  and  remained  in  the  adjusted  model 
throughout  the  stepwise  model  reduction. 

The  analyses  of  the  pulse  variables  also  were  adjusted  for  lifetime  cigarette  smoking 
history,  current  cigarette  smoking,  lifetime  alcohol  history,  current  alcohol  use,  cholesterol, 
high-density  lipoprotein  (HDL),  cholesterol-HDL  ratio,  family  history  of  heart  disease,  and 
family  history  of  heart  disease  before  the  age  of  45,  in  the  same  manner  as  the  analysis  for 
the  cardiovascular  assessment  (see  Chapter  15).  Based  on  the  preliminary  analyses  in  the 
cardiovascular  assessment,  the  subset  of  these  covariates  used  in  the  adjusted  analyses  were 
lifetime  cigarette  smoking  history,  current  cigarette  smoking,  lifetime  alcohol  history,  total 
cholesterol,  HDL,  and  family  history  of  heart  disease. 

Cutpoints  for  serum  insulin,  serum  glucagon,  serum  proinsulin,  and  serum  C  peptide 
were  dependent  on  whether  the  participant  was  fasting.  Consequently,  normal  and  abnormal 
levels  for  these  variables  were  constructed  according  to  a  participant’s  laboratory  value  and 
fasting  status  at  the  physical  examination.  The  fasting  status-specific  cutpoints  are  listed  in 
Table  18-1.  Additionally,  a  variable  that  designates  a  participant’s  fasting  status  was  used  in 
the  continuous  analyses  of  these  variables. 

Statistical  Methods 

Chapter  7,  Statistical  Methods,  describes  basic  statistical  methods  used  throughout  this 
report.  Table  18-1  summarizes  the  statistical  analyses  that  were  done  for  the  endocrine 
assessment.  The  first  part  of  this  table  describes  the  dependent  variables  and  identifies  the 
candidate  covariates  and  the  statistical  methods.  The  second  part  of  this  table  further 
describes  the  candidate  covariates.  Abbreviations  used  in  the  body  of  the  table  are  defined  at 
the  end  of  the  table.  Dependent  variable  data  were  missing  for  some  participants.  The 
number  of  participants  with  missing  data  and  those  excluded  due  to  medical  reasons  and  pre- 
Southeast  Asia  (SEA)  time  of  duty  in  SEA  conditions  are  provided  in  Table  18-2. 
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Table  18-1. 

Statistical  Analyses  for  the  Endocrine  Assessment 


Dependent  Variables 


Variable  (Units) 

Data 

Source 

Data 
Form  : 

;!  Cutpoints 

Candidate 

Covariates 

Statistical 

Analyses 

Past  Thyroid  Disease 

MR-V 

D 

Yes 

No 

AGE,RACE, 

OCC.PERS 

U:LR,CS 

A:LR 

Composite  Diabetes 
Indicator 

MR-V/ 

LAB 

D 

Yes  (diabetic): 
Verified 

History  or 
>200  mg/dl  2- 
hr.  post¬ 
prandial  glucose 
No:  Otherwise 

AGE.RACE, 

OCC.PERS, 

BEAT, 

FAMDIAB 

U.LR.CS 

A:LR 

L:LR 

Diabetic  Severity 

MR-V 

D 

Insulin  Dependent 
Oral 

Hypoglycemics 
Diet  Only 

No  Treatment 

No  Diabetes 

AGE.RACE, 

OCC.PERS, 

BEAT, 

EAMDIAB 

U:PR,CS 

A:PR 

Time  to  Diabetes  Onset 
(years) 

MR-V/ 

LAB/ 

MIL 

C 

AGE,RACE. 

OCC.PERS, 

BEAT, 

EAMDIAB 

U:GLM 

A:GLM 

Thyroid  Gland 

PE 

D 

Abnormal 

Normal 

AGE.RACE, 

OCC.PERS 

U:LR,CS 

A:LR 

Testicular  Volume: 
Minimum  (cm^) 

PE 

C 

■■ 

AGE,RACE, 

OCC.PERS, 

BEAT 

U;GLM,TT 

A:GLM 

Testicular  Volume:  Total 
(cm^) 

PE 

C 

■■ 

AGE.RACE, 

OCC.PERS, 

BEAT 

U:GLM,TT 

A:GLM 

Retinopathy  Results 
(Diabetics  only) 

PE 

D 

Abnormal 

Normal 

AGE.RACE, 

OCC,PERS, 

BEAT, 

EAMDIAB, 

DIABSEV 

U:LR,CS 

A:LR 

Neuropathy  Results 
(Diabetics  only) 

PE 

D 

Abnormal 

Normal 

AGE,RACE, 

OCC.PERS, 

BEAT, 

EAMDIAB, 

DIABSEV 

U:LR,CS 

A:LR 
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Table  18-1.  (Continued) 

Statistical  Analyses  for  the  Endocrine  Assessment 
Dependent  Variables 


Data  Data  Casdidate  Statistical 

Variable  (Units)  Source  Form  Outpoints _ Covariates  An^3«5es 

Radial  Pulses  (Doppler)  PE  D  Abnormal  AGE, RACE,  U:LR,CS 

(Diabetics  only)  Normal  OCC,PERS,  A:LR 

BEAT, 

FAMDIAB, 

DIABSEV, 

PACKYR, 

CSMOK, 

DRKYR,ALC, 

CHOL,HDL, 

CHOL/HDL, 

HRTDIS, 

HRTDIS45 


Femoral  Pulses  (Doppler)  PE 
(Diabetics  only) 


D  Abnormal 
Normal 


AGE,RACE,  U;LR,CS 

OCC,PERS,  A:LR 

BFAT, 

FAMDIAB, 

DIABSEV, 

PACKYR, 

CSMOK, 

DRKYR,ALC, 

CHOL,HDL, 

CHOL/HDL, 

HRTDIS, 

HRTDIS45 


Popliteal  Pulses  (Doppler)  PE 
(Diabetics  only) 


D  Abnormal 
Normal 


AGE,RACE,  U:LR,CS 

OCC,PERS,  A:LR 

BFAT, 

FAMDIAB, 

DIABSEV, 

PACKYR, 

CSMOK, 

DRKYR,ALC, 

CHOL,HDL, 

CHOL/HDL, 

HRTDIS, 

HRTDIS45 
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Table  18-1.  (Continued) 

Statistical  Analyses  for  the  Endocrine  Assessment 
Dependent  Variables 


Data 

Data 

Candidate 

Statistical 

Variable  (Unite) 

Source 

Form 

Cutpoints 

Covariates 

Analyses 

Dorsalis  Pedis  Pulses 

PE 

D 

Abnormal 

AGE, RACE, 

U:LR,CS 

(Doppler) 

Normal 

OCC,PERS, 

A:LR 

(Diabetics  only) 

BEAT, 

FAMDIAB, 

DIABSEV, 

PACKYR, 

CSMOK, 

DRKYR,ALC, 

CHOL,HDL, 

CHOL/HDL, 

HRTDIS, 

HRTDIS45 

Posterior  Tibial  Pulses 

PE 

D 

Abnormal 

AGE,RACE, 

U:LR,CS 

(Doppler) 

Normal 

OCC,PERS, 

A:LR 

(Diabetics  only) 

BEAT, 

EAMDIAB, 

DIABSEV, 

PACKYR, 

CSMOK, 

DRKYR,ALC, 

CHOL,HDL, 

CHOL/HDL, 

HRTDIS, 

HRTDIS45 

Leg  Pulses  (Doppler) 

PE 

D 

Abnormal 

AGE,RACE, 

U:LR,CS 

(Diabetics  only) 

Normal 

OCC,PERS, 

BEAT, 

EAMDIAB, 

DIABSEV, 

PACKYR, 

CSMOK, 

DRKyR,ALC, 

CHOL,HDL, 

CHOL/HDL, 

HRTDIS, 

HRTDIS45 

A:LR 

18-11 


Table  18-1.  (Continued) 

Statistical  Analyses  for  the  Endocrine  Assessment 
Dependent  Variables 


Variable  <Units) 

Data 

Source 

Data 

Form 

Cutpoints 

Candidate 

Covariates 

Statistical 

Analyses 

Peripheral  Pulses 
(Doppler) 

(Diabetics  only) 

PE 

D 

Abnormal 

Normal 

AGE, RACE, 

OCC,PERS, 

BFAT, 

FAMDIAB, 

DIABSEV, 

PACKYR, 

CSMOK, 

DRKYR,ALC, 

CHOL,HDL, 

CHOL/HDL, 

HRTDIS, 

HRTDIS45 

U:LR,CS 

A:LR 

Thyroid  Stimulating 
Hormone  (TSH) 
(/xlU/ml) 

LAB 

D/C 

Abnormal  High; 
>5.5 

Normal:  <5.5 

AGE,RACE, 

OCC,PERS 

U:PR,CS,GLM, 

TT 

A:PR,GLM 

L:PR,GLM 

Thyroxine  (T4)  (;tg/dl) 

LAB 

D/C 

Abnormal  Low: 
<4.8 

Normal:  ^4.8 

AGE,RACE, 

OCC,PERS 

U:PR,CS,GLM, 

TT 

A:PR,GLM 

Anti-Thyroid  Antibodies 

LAB 

D 

Present 

Absent 

AGE,RACE, 

OCC,PERS 

U:LR,CS 

A:LR 

Fasting  Glucose  (mg/dl) 
(All  participants) 

LAB 

D/C 

Abnormal  High: 
>115 

Normal:  <115 

AGE,RACE, 

OCC,PERS, 

BFAT, 

FAMDIAB 

U:LR,CS,GLM, 

TT 

A:LR,GLM 

L;LR,GLM 

(Diabetics  only) 

AGE,RACE, 

OCC,PERS, 

BFAT, 

FAMDIAB, 

DIABSEV 

U:LR,CS,GLM, 

TT 

A:LR,GLM 

(Nondiabetics  only) 

* 

AGE,RACE, 

OCC,PERS, 

BFAT, 

FAMDIAB 

U:LR,CS,GLM, 

TT 

A;LR,GLM 

2-Hour  Postprandial 
Glucose  (mg/dl) 
(Nondiabetics  only) 

LAB 

D/C 

Impaired:  140- 
<200 

Normal:  <  140 

AGE,RACE, 

OCC,PERS, 

BFAT, 

FAMDIAB 

U:LR,CS,GLM, 

TT 

A:LR,GLM 

L:LR,GLM 

Fasting  Urinary  Glucose 
(All  participants) 

LAB 

D 

Present 

Absent 

AGE,RACE, 

OCC,PERS, 

BFAT, 

FAMDIAB 

U:LR,CS 

A:LR 
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Table  18-1.  (Continued) 

Statistical  Analyses  for  the  Endocrine  Assessment 
Dependent  Variables 


Variable  (Units) 

Data 

Source 

Data 

Form 

Cutpoints 

Candidate 

Covariat^ 

Statistical 

Analyses 

(Diabetics  only) 

AGE.RACE, 

OCC.PERS, 

BEAT, 

FAMDIAB, 

DIABSEV 

U:LR,CS 

A:LR 

(Nondiabetics  only) 

AGE,RACE, 

OCC.PERS, 

BFAT, 

FAMDIAB 

U:  Frequencies 

2-Hour  Postprandial 
Urinaiy  Glucose 
(Nondiabetics  only) 

LAB 

D 

Present 

Absent 

AGE,RACE, 

OCC.PERS, 

BFAT, 

FAMDIAB 

U:LR,CS 

A:LR 

Serum  Insulin  (mlU/ml) 
(All  participants) 

LAB 

D/C 

Abnormal  Low: 

>  18  (nonfast.) 
Normal: 

18-56  (nonfast.) 
0-30  (fasting) 
Abnormal  High: 
>56  (nonfast.) 

>  30  (fasting) 

AGE,RACE, 

OCC.PERS, 

BFAT, 

FAMDIAB, 

FAST 

U:PR,CS,GLM, 

TT 

A:PR,GLM 

(Diabetics  only) 

AGE,RACE, 

OCC,PERS, 

BFAT, 

FAMDIAB, 

DIABSEV.FAST 

U:PR,CS,GLM, 

TT 

A:PR,GLM 

(Nondiabetics  only) 

AGE,RACE, 

OCC.PERS, 

BFAT, 

FAMDIAB, 

FAST 

U:PR,CS,GLM, 

TT 

A:PR,GLM 

Serum  Glucagon  (pg/ml) 
(All  participants) 

LAB 

D/C 

Abnormal  High: 
>200 
(nonfast.) 

>  130  (fasting) 
Normal: 

<200 

(nonfast.) 

<130  (fasting) 

AGE.RACE, 

OCC.PERS, 

BFAT, 

FAMDIAB, 

FAST 

U:LR,CS,GLM, 

TT 

A:LR,GLM 
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Table  18-1.  (Continued) 

Statistical  Analyses  for  the  Endocrine  Assessment 
Dependent  Variables 


Variable  (Units) 

Data 

Source 

Data 

Form 

Outpoints 

Candidate 

Covariates 

Statistical 

Analyses 

(Diabetics  only) 

AGE, RACE, 

OCC,PERS, 

BEAT, 

FAMDIAB, 

DIABSEV,FAST 

U:LR,CS,GLM, 

TT 

A:LR,GLM 

(Nondiabetics  only) 

AGE,RACE, 

OCC,PERS, 

BEAT, 

FAMDIAB, 

FAST 

U:Frequencies, 

GLM.TT 

A:GLM 

a-l-C  Hemoglobin 
(percent) 

(All  participants) 

LAB 

D/C 

Abormal  High: 
>7.3 

Normal:  <7.3 

AGE,RACE, 

OCC,PERS, 

BEAT, 

FAMDIAB 

U:LR,CS,GLM, 

TT 

A:LR,GLM 

(Diabetics  only) 

AGE,RACE, 

OCC,PERS, 

BEAT, 

FAMDIAB, 

DIABSEV 

U:LR,CS,GLM, 

TT 

A:LR,GLM 

(Nondiabetics  only) 

AGE,RACE, 

OCC,PERS, 

BEAT, 

FAMDIAB 

U:LR,CS,GLM, 

TT 

A:LR,GLM 

Urinary  Protein 
(Diabetics  only) 

LAB 

D 

Present 

Absent 

AGE,RACE, 

OCC,PERS, 

BEAT, 

FAMDIAB, 

DIABSEV 

U:LR,CS 

A:LR 

Serum  Proinsulin  (ng/ml) 
(Diabetics  only) 

LAB-N 

D/C 

Abnormal  High: 
>2.1  (nonfast.) 
>0.2  (fasting) 
Normal: 

<2.1  (nonfast.) 
<0.2  (fasting) 

AGE,RACE, 

OCC,PERS, 

BEAT, 

FAMDIAB, 

DIABSEV,FAST 

U:LR,CS,GLM, 

TT 

A:LR,GLM 

Serum  C  Peptide  (ng/ml) 
(Diabetics  only) 

LAB 

D/C 

Abnormal  High: 
<5.6  (nonfast.) 
<4.0  (fasting) 
Normal: 

>5.6  (nonfast.) 
>4.0  (fasting) 

AGE,RACE, 

OCC,PERS, 

BEAT, 

FAMDIAB, 

DIABSEV,FAST 

U:PR,CS,GLM, 

TT 

A:PR,GLM 

18-14 


Table  18-1.  (Continued) 

Statistical  Analyses  for  the  Endocrine  Assessment 
Dependent  Variables 


Variable  (Unite) 

Data 

Source 

Data 

Form 

Outpoints 

Candidate 

Covariates 

Statistical 

^jiaiyses 

Total  Testosterone  (ng/dl) 

LAB 

D/C 

Abnormal  Low: 
<260 

Normal:  >260 

AGE.RACE, 

OCC,PERS, 

BEAT 

U:LR,CS,GLM, 

TT 

A:LR,GLM 

L:LR,GLM 

Free  Testosterone  (pg/ml) 

LAB 

D/C 

Abnormal  Low: 

<  16  (Age  40-49) 

<  13  (Age  50-59) 
<11  (Age  60-69) 
<9  (Age  ^70) 

Normal: 

>16  (40-49) 

>13  (50-59) 

>11  (60-69) 

>9  (>70) 

AGE,RACE, 

OCC.PERS, 

BFAT 

U:LR,CS,GLM, 

TT 

A:LR,GLM 

Sex  Hormone  Binding 
Globulin  (nmol/1) 

LAB 

D 

Abnormal  Low: 

<10 

Normal:  >10 

AGE.RACE, 

OCC,PERS, 

BFAT 

U:LR,CS 

A:LR 

Total  Testosterone  to  Sex 
Hormone  Binding 
Globulin  Ratio 

LAB 

D 

Abnormal  Low 
Normal 

AGE.RACE, 

OCC.PERS, 

BFAT 

U:LR,CS 

A:LR 

Estradiol  (pg/ml) 

LAB 

D/C 

Abnormal  High: 
>60 

Normal:  <60 

AGE,RACE, 

OCC 

U:LR,CS,GLM, 

TT 

A:LR,GLM 

Luteinizing  Hormone  (LH) 
(mlU/ml) 

LAB 

D/C 

Abnormal  High: 
>5.9 

Normal:  <5.9 

AGE,RACE, 

OCC 

U:LR,CS,GLM, 

TT 

A:LR,GLM 

Follicle  Stimulating 
Hormone  (FSH) 

(mlU/ml) 

LAB 

D/C 

Abnormal  High: 
>15 

Normal:  <  15 

AGE.RACE, 

OCC 

U:LR,CS,GLM, 

TT 

A:LR,GLM 
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Table  18-1.  (Continued) 

Statistical  Analyses  for  the  Endocrine  Assessment 
Coyariates 


Variable  (Abbreviation) 


Data  Soiirce  Data  Form  Cutpoints 


Age  (AGE) 


Race  (RACE) 


MIL 

MIL 


D/C 


Bom  ^1942 
Bom  <1942 


Occupation  (OCC) 

MIL 

Personality  Type  (PERS) 

PE 

Body  Fat  (percent)  (BFAT) 

PE 

Family  History  of  Diabetes 
(FAMDIAB) 

Q-SR 

Diabetic  Severity  (DIABSEV) 

MR-V 

Lifetime  Cigarette  Smoking 
History  (PACKYR)  (pack- 
years) 

Q-SR 

Current  Cigarette  Smoking 
(CSMOK)  (cigarettes/day) 

Q-SR 

Lifetime  Alcohol  History 
(DRKYR)  (drink-years) 

Q-SR 

Current  Alcohol  Use  (ALC) 
(drinks/day) 

Q-SR 

Cholesterol  (CHOL)  (mg/dl) 

LAB 

High  Density  Lipoprotein  (HDL) 
(mg/dl) 

LAB 

Cholesterol-HDL  Ratio 
(CHOL/HDL) 

LAB 

Family  History  of  Heart  Disease 

Q-SR 

(HRTDIS) 


D 

Black 

Non-Black 

D 

Officer 

Enlisted  Flyer 

Enlisted  Groundcrew 

D 

A  direction 

B  direction 

D/C 

Obese:  >25% 

Lean  or  Normal:  <25% 

D 

Yes 

No 

D 

Insulin  Dependent 

Oral  Hypoglycemics 

Diet  Only 

No  Treatment 

D/C 

0 

>0-10 

>10 

D/C 

0-Never 

0-Fonner 

>0-20 

>20 

D/C 

0 

>0-40 

>40 

D/C 

0-1 

>1A 

>4 

D/C 

<200 

>200-239 

>240 

D/C 

0-35 

>35 

D/C 

0-5 

>5 

D 

Yes 

No 
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Table  18-1.  (Continued) 

Statistical  Analyses  for  the  Endocrine  Assessment 

Covariates 


Variable  (Abbreviation) 

Data  Source 

Data  Form 

Outpoints 

Family  History  of  Heart  Disease 

Q-SR 

D 

Yes 

Before  Age  45  (HRTDIS45) 

No 

Fasting  Status  (FAST) 

LAB 

D 

Yes 

No 

Data  Source:  LAB 

LAB-N 

MIL 

MR-V 

PE 

Q-SR 

Data  Form:  C 

D 

D/C 


Statistical  Analyses :  U 

A 
L 

Statistical  Methods:  CS 

GLM 

LR 

PR 

TT 


Abbreviations 

1992  laboratory  results 

1992  Nichols  Institute  laboratory  results 

Air  Force  military  records 

Medical  records  (verified) 

1992  physical  examination 
Health  questionnaire  (self-reported) 

Continuous  analysis  only 
Discrete  analysis  only 

Discrete  and  continuous  analyses  for  dependent  variables;  appropriate 
form  for  analysis  (either  discrete  or  continuous)  for  covariates 

Unadjusted  analyses 
Adjusted  analyses 
Longitudinal  analyses 

Chi-square  contingency  table  analysis  (continuity-adjusted  for  2x2 
tables) 

General  linear  models  analysis 
Logistic  regression  analysis 
Polychotomous  logistic  regression  analysis 
Two-sample  t-test 
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Table  18-2. 

Number  of  Participants  with  Missing  Data  for,  or  Excluded  from, 
the  Endocrine  Assessment 


Group 

Dioxin 

(Ranch  Hands  Only) 

Categorized  Dioxin 

Variable 

Variable 

Use 

Ranch 

Ibnd  Comparison 

Initial 

Current 

Ranch 

Hand 

Comparison 

Composite 

Diabetes  Indicator 

DEP 

3 

5 

2 

3 

3 

4 

Time  to  Diabetes 
Onset 

DEP 

0 

1 

0 

0 

0 

1 

Thyroid  Gland 

DEP 

2 

1 

0 

1 

1 

1 

Testicular  Volume 

DEP 

14 

11 

7 

12 

12 

6 

Diabetic 

Retinopathy® 

DEP 

1 

1 

0 

1 

1 

1 

Thyroid 

Stimulating 
Hormone  (TSH) 

DEP 

0 

1 

0 

0 

0 

0 

Thyroxine  (T^) 

DEP 

0 

1 

0 

0 

0 

0 

Anti-Thyroid 

Antibodies 

DEP 

0 

1 

0 

0 

0 

0 

Fasting  Glucose 

DEP 

0 

1 

0 

0 

0 

0 

2-Hour 

Postprandial 

Glucose^ 

DEP 

1 

2 

0 

1 

1 

1 

Fasting  Urinary 
Glucose 

DEP 

2 

2 

2 

2 

2 

1 

2-Hour 

Postprandial 

Urinary  Glucose^ 

DEP 

2 

4 

1 

2 

2 

2 

Serum  Insulin 

DEP 

0 

2 

0 

0 

0 

1 

Serum  Glucagon^ 

DEP 

0 

3 

0 

0 

0 

2 

a-l-C  Hemoglobin 

DEP 

0 

1 

0 

0 

0 

0 

Urinary  Protein^ 

DEP 

0 

1 

0 

0 

0 

1 

Serum  Proinsulin^ 

DEP 

8 

7 

5 

8 

8 

6 

Serum  C  Peptide^ 

DEP 

8 

7 

5 

8 

8 

6 

Total  Testosterone 

DEP 

0 

1 

0 

0 

0 

0 

Free  Testosterone 

DEP 

0 

1 

0 

0 

0 

0 

Sex  Hormone 
Binding  Globulin 

DEP 

0 

1 

0 

0 

0 

0 
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Table  18-2.  (Continued) 

Number  of  Participants  with  Missing  Data  for,  or  Excluded  from, 
the  Endocrine  Assessment 


Group 

Dioxin 

(Ranch  E^ds  Only) 

Cat^orized  Dioxin 

Variable 

Variable 

Use 

Ranch 

Kind 

Comparison 

li^tial 

Current 

Randi 

Hand 

Comparison 

Total  Testosterone 
to  Sex  Hormone 
Binding  Globulin 
Ratio 

DEP 

0 

1 

0 

0 

0 

0 

Estradiol 

DEP 

0 

1 

0 

0 

0 

0 

Luteinizing 

Hormone 

DEP 

0 

1 

0 

0 

0 

0 

Follicle 

Stimulating 

Hormone 

DEP 

0 

1 

0 

0 

0 

0 

Personality  Type 

COV 

1 

1 

1 

1 

1 

1 

Lifetime  Alcohol 
History^ 

COV 

3 

3 

3 

3 

3 

3 

Current  Alcohol 
Use® 

COV 

3 

3 

3 

3 

3 

3 

High  Density 
Lipoprotein^ 

COV 

5 

8 

3 

5 

5 

6 

CholesteroLHDL 

Ratio^ 

COV 

5 

8 

3 

5 

5 

6 

Family  History  of 
Heart  Disease^ 

COV 

2 

1 

0 

2 

2 

0 

Family  History  of 
Heart  Disease 
Before  Age  45^ 

COV 

6 

6 

3 

6 

6 

4 

Diabetes 

EXC 

144 

182 

98 

140 

140 

151 

Pre-SEA  Diabetes 

EXC 

2 

3 

2 

2 

2 

3 

Pre>SEA  Thyroid 
Disease 

EXC 

7 

6 

4 

7 

7 

6 

Thyroid 

Medication 

EXC 

16 

33 

9 

16 

16 

27 

Thyroidectomy 

EXC 

8 

14 

3 

8 

8 

11 

Testosterone 

Medication 

EXC 

7 

5 

0 

6 

6 

4 

Orchiectomy 

EXC 

9 

4 

5 

9 

9 

3 
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Table  18-2.  (Continued) 

Number  of  Participants  with  Missing  Data  for,  or  Excluded  from, 
the  Endocrine  Assessment 


Group 

Dioxin 

(Ranch  Hands  Only) 

Categorized  Dioxin 

Variable 

Variable 

Use 

Ranch 

Hand  Comparison 

Initial  Current 

Ranch 

Hand  Cmnparison 

Examination 
Groups  68-81 
(Exclusion  for 
Glucagon) 

EXC 

123  172 

66  104 

104  102 

’Missing  data  for  diabetics  only. 

•"Missing  data  for  nondiabetics  only. 
'Missing  data  for  examination  groups  1-67. 


Abbreviations:  DEP  =  Dependent  variable  (missing  data). 
COV  =  Covariate  (missing  data). 

EXC  =  Exclusion. 


Note:  952  Ranch  Hands  and  1,281  Comparisons; 

520  Ranch  Hands  for  initial  dioxin;  894  Ranch  Hands  for  current  dioxin; 
894  Ranch  Hands  and  1,063  Comparisons  for  categorized  dioxin. 

One  Ranch  Hand  missing  total  lipids  for  current  dioxin. 
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Cutpoints  for  free  testosterone  are  age-dependent.  Consequently,  normal  and  abnormal 
levels  for  free  testosterone  were  constructed  according  to  a  participant’s  laboratory  value  and 
age  at  the  physical  examination.  The  age-specific  cuq)oints  are  listed  in  Table  18-1,  and  the 
reference  ages  for  these  cutpoints  are  given  in  parentheses  following  the  cutpoints. 

The  ^alysis  of  time  to  diabetes  onset  utilized  statistical  failure  time  (or  survival  time) 
models,  whereby  a  time  to  diabetes  onset  was  estimated  for  participants  who  have  not 
developed  diabetes.  The  failure  time  analysis  incorporates  the  actual  time  to  diabetes  onset 
for  diabetics  and  participants  diagnosed  as  diabetic  at  the  1992  examination  and  extrapolates 
the  time  at  which  diabetes  would  occur  for  nondiabetics.  Further  details  on  the  statistical 
methods  used  for  analysis  of  time  to  diabetes  onset  are  discussed  in  Chapter  7,  Statistical 
Methods. 

Analyses  restricted  to  diabetics  were  done  for  specific  variables  listed  in  Table  18-1. 
These  analyses  evaluated  whether  the  association  between  exposure  and  the  dependent 
variable  changes  depending  on  the  level  of  diabetic  severity  for  diabetic  participants. 

Analyses  restricted  to  nondiabetic  participants  also  are  specified  in  Table  18-1. 

Analyses  of  data  collected  at  the  1987  followup  study  indicated  that  dioxin  was 
associated  with  military  occupation.  In  general,  enlisted  personnel  had  higher  levels  of  dioxin 
than  officers,  with  enlisted  groundcrew  having  higher  levels  than  enlisted  flyers. 

Consequently,  adjustment  for  military  occupation  in  statistical  models  using  dioxin  as  a 
measure  of  exposure  may  improperly  mask  an  actual  dioxin  effect.  However,  occupation  also 
can  be  a  surrogate  for  socioeconomic  effects.  Failure  to  adjust  for  occupation  could  overlook 
important  risk  factors  related  to  lifestyle.  If  occupation  was  found  to  be  significantly 
associated  with  a  dependent  variable  in  the  1992  followup  analyses  and  was  retained  in  the 
final  statistical  models  using  dioxin  as  a  measure  of  exposure,  the  dioxin  effect  was  evaluated 
in  the  context  of  two  models.  Analyses  were  performed  with  and  without  occupation  in  the 
final  models  to  investigate  whether  conclusions  regarding  the  association  between  the  health 
endpoint  and  dioxin  differed. 

Similarly,  dioxin  exhibited  a  significant  positive  association  with  body  fat,  cholesterol, 
and  HDL,  in  the  serum  dioxin  analysis  of  the  1987  followup  data,  and  these  associations  also 
are  seen  in  the  1992  followup  analyses  (see  Chapter  8).  Body  fat,  and  cholesterol  and  HDL 
for  the  Doppler  pulse  measurements,  are  risk  factors  for  the  endocrine  health  endpoints  which 
must  be  introduced  to  the  adjusted  model;  however,  adjusting  for  these  covariates  has  the 
potential  to  over-adjust  the  model  for  the  effects  of  dioxin  exposure.  To  investigate  the 
effects  of  adjustment,  when  these  covariates  were  foimd  to  be  significantly  associated  with  a 
dependent  variable  and  retained  in  the  final  model,  the  dioxin  effect  was  evaluated  in  the 
context  of  two  models.  Analyses  again  were  performed  with  and  without  these  covariates  in 
the  model  to  investigate  whether  conclusions  regarding  the  associations  between  the  health 
endpoint  and  dioxin  differed. 

The  results  of  the  analyses  without  occupation,  body  fat,  cholesterol,  and  HDL  in  the 
final  adjusted  model  are  presented  in  Appendix  N-3  and  are  discussed  in  the  text  only  if  the 
level  of  significance  differs  from  the  original  final  adjusted  model  (significant  versus 
nonsignificant). 
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Longitudinal  Analyses 

Longitudinal  analyses  were  performed  for  the  composite  diabetes  indicator,  TSH,  fasting 
glucose,  2-hour  postprandial  glucose,  and  total  testosterone  to  assess  if  exposure  and  the 
changes  in  these  variables  between  the  1992  examination  and  previous  examinations  are 
associated:  Longitudinal  analyses  were  conducted  on  both  the  continuous  and  discrete  forms 
of  TSH,  fasting  glucose,  2-hour  postprandial  glucose,  and  total  testosterone.  Discrete 
longitudinal  analyses  were  performed  on  the  composite  diabetes  indicator. 

RESULTS 

Dependent  Variable-Covariate  Associations  for  the  Endocrine  Assessment 

Tests  of  covariate  associations  found  past  th5T:oid  disease  to  be  highly  associated  with 
age  (Appendix  Table  N-1-1:  p=0.009).  For  participants  bom  in  or  after  1942,  4.0  percent 
reported  a  history  of  thyroid  disease  compared  to  6.6  percent  of  participants  bom  before  1942. 

The  results  of  the  tests  of  covariate  associations  for  the  composite  diabetes  indicator 
revealed  all  candidate  covariates  except  occupation  and  race  to  be  statistically  significant.  The 
association  between  the  composite  diabetes  indicator  and  race  was  marginally  significant.  The 
analysis  of  age  showed  that  8.2  percent  of  young  participants  and  19.1  percent  of  older 
participants  were  diabetic  (p<0.001).  For  Black  participants,  19.9  percent  were  diabetic,  while 
only  14.1  percent  of  non-Black  participants  were  diabetic  (p=0.091).  The  analysis  of 
personality  type  revealed  that  12.2  percent  of  Type  A  participants  and  16.1  percent  of  Type  B 
participants  had  diabetes  (p=0.012).  Covariate  analyses  showed  body  fat  to  be  highly 
associated  with  the  composite  diabetes  indicator  (p<0.001)  with  more  than  twice  as  many 
diabetics  in  the  obese  category  (26.1  percent)  than  in  the  lean  or  normal  category  (10.4 
percent).  For  participants  who  reported  a  family  history  of  diabetes,  21.9  percent  were 
diabetic  compared  to  only  12.0  percent  of  participants  who  did  not  report  a  family  history  of 
diabetes  (p<0.001). 

Age,  race,  personality  type,  body  fat,  and  family  history  of  diabetes  were  significant  in 
the  covariate  analyses  for  diabetic  severity.  In  the  analysis  of  age,  the  percentages  of  younger 
participants  who  used  no  treatment,  diet,  oral  hypoglycemics,  and  insulin  to  treat  their 
condition  were  5.1,  1.8,  0.9,  and  0.3  respectively.  For  older  participants,  these  percentages 
were  11.0,  3.5,  2.5,  and  2.0  respectively  (p<0.001).  The  analysis  of  race  showed  that  for 
Black  participants,  13.0  used  no  treatment,  0.8  percent  used  diet  as  a  form  of  treatment,  4.6 
percent  used  oral  hypoglycemics,  and  1 .5  percent  used  insulin.  The  percentages  of  non-Black 
participants  who  employed  no  treatment,  diet,  oral  hypoglycemics,  and  insulin  were  8.2,  2.9, 
1.7,  and  1.3  respectively  (p=0.021).  Covariate  analyses  revealed  that  15.9  percent,  4.8 
percent,  3.9  percent,  and  1.6  percent  of  obese  participants  utilized  no  treatment,  diet,  oral 
hypoglycemics,  and  insulin  respectively  to  treat  their  disorder  while  6.0  percent,  2. 1  percent, 
1.1  percent,  and  1.2  percent  of  lean  or  normal  participants  respectively,  used  these  methods  in 
the  treatment  of  diabetes  (p<0.001).  Of  the  participants  with  a  family  history  of  diabetes, 

10.9  used  no  treatment  and  4.8  percent  used  diet  as  a  form  of  treatment,  compared  to  7.5 
percent  and  2.2  percent  for  participants  without  a  family  history  of  diabetes.  In  addition,  3.8 
percent  and  2.3  percent  of  diabetic  participants  with  a  family  history  of  diabetes  used  oral 
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hypoglycemics  or  insulin  for  treatment  in  contrast  to  1.3  percent  and  1.0  percent  for  those 
participants  without  a  family  history  of  diabetes  (p<0.001).  The  analysis  of  personality  type 
showed,  for  Type  A  participants,  7.0  percent,  2.7  percent,  1.6  percent,  and  1.0  percent  used 
no  treatment,  diet  only,  oral  hypoglycemics,  or  insulin  respectively.  For  Type  B  participants, 
these  percentages  were  9.6,  2.8,  2.0,  and  1.6  respectively  (p=0.098). 

Covariate  association  analyses  of  time  to  diabetes  onset  utilized  statistical  failure  time 
models  to  incorporate  the  actual  time  to  diabetes  onset,  from  time  of  duty  in  SEA,  for 
diabetics  and  to  estimate  the  time  at  which  diabetes  would  occur  for  nondiabetics.  Further 
details  on  the  statistical  methods  used  for  analysis  of  time  to  diabetes  onset  are  discussed  in 
Chapter  7,  Statistical  Methods. 

Time  to  diabetes  onset  was  significantly  associated  with  age  (p<0.001),  personality  type 
(p=0.027),  body  fat  (p<0.001),  and  family  history  of  diabetes  (p<0.001)  and  was  marginally 
associated  with  race  (p=0.069).  Older  participants  developed  diabetes  sooner  after  time  of 
duty  in  SEA  than  did  younger  participants.  The  number  of  years  to  develop  diabetes  after 
time  of  duty  in  SEA  was  shorter  for  Blacks  than  for  non-Blacks.  Type  A  participants  tended 
to  develop  diabetes  longer  after  time  of  duty  in  SEA  than  Type  B  participants.  Obese 
participants  developed  diabetes  sooner  after  time  of  duty  in  SEA  than  did  lean  or  normal 
participants.  Similarly,  participants  with  a  family  history  of  diabetes  developed  diabetes 
sooner  after  the  time  of  duty  in  SEA  than  did  participants  without  a  family  history  of 
diabetes. 

Minimum  testicular  volume  was  shown  to  be  highly  associated  with  both  age  and  race  in 
the  tests  of  covariate  association  (p<0.001  for  both  covariates).  In  the  analysis  of  age,  the 
correlation  coefficient  between  minimum  testicular  volume  and  age  was  -0.153.  For  Black 
and  non-Black  participants,  average  minimum  testicular  volumes  were  14.30  cm^  and  16.02 
cm^  respectively. 

The  results  of  the  tests  of  covariate  association  for  total  testicular  volume  paralleled 
those  for  minimum  testicular  volume.  The  analysis  of  age  displayed  a  negative  correlation 
with  total  testicular  volume  (r=f-0.140,  p<0.001).  Mean  total  testicular  volume  for  Blacks  was 
30.55  cm^  compared  to  34.20  cm^  for  non-Blacks  (p<0.001). 

Covariate  tests  of  association  for  retinopathy  revealed  diabetic  severity  and  family  history 
of  diabetes  to  be  significant  (p<0.001  and  p=0.025  respectively).  Of  the  participants  who 
employed  no  form  of  treatment  for  their  diabetes,  0.5  percent  had  retinopathy.  Of  the  diabetic 
participants  who  relied  on  diet,  oral  hypoglycemics,  or  insulin,  the  percentages  with 
retinopathy  were  3.3,  7.3,  and  21.4  respectively.  In  the  analysis  of  family  history  of  diabetes, 
7. 1  percent  of  the  participants  who  reported  a  family  history  of  diabetes  had  retinopathy 
compared  to  only  1.5  percent  of  those  who  did  not  have  a  history  of  diabetes  in  their  families. 

Neuropathy  results  was  highly  associated  with  diabetic  severity  in  the  covariate  tests  of 
association  (p<0.001).  For  participants  who  treated  their  diabetes  with  insulin,  44.8  percent 
had  neuropathy,  compared  to  17.1  percent  who  used  oral  hypoglycemics  and  3.2  percent  who 
relied  on  diet  alone.  Of  the  diabetic  participants  who  used  no  treatment  for  their  disorder,  3.7 
percent  had  neuropathy. 
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Both  diabetic  severity  and  current  cigarette  smoking  were  significantly  associated  with 
femoral  pulses  in  the  covariate  analyses  (p=0.090  and  p<0.001  respectively).  In  the  analysis 
of  diabetic  severity,  2.7  percent  of  the  diabetics  who  did  not  treat  their  diabetic  condition  had 
abnormal  femoral  pulses.  Of  those  who  treated  their  diabetes,  the  percentages  with  abnormal 
femoral  pulses  were  10.3,  0.0,  and  3.2  for  insulin,  oral  hypoglycemics,  and  diet  respectively. 
In  the  analysis  of  current  cigarette  smoking,  no  abnormal  femoral  pulses  were  found  in 
diabetics  who  had  never  smoked,  whereas  1.2  percent  of  diabetics  who  had  formerly  smoked 
had  abnormal  femoral  pulses.  Of  the  participants  who  smoked  0-20  cigarettes  per  day,  12.8 
percent  had  abnormal  femoral  pulses  compared  to  6.3  percent  for  those  who  smoked  more 
than  20  cigarettes  daily. 

In  the  covariate  tests  of  association  for  popliteal  pulses,  diabetic  severity  and  current 
cigarette  smoking  were  highly  significant  covariates  (p=0.002  and  p<0.001  respectively).  The 
analysis  of  diabetic  severity  found  that  2.7  percent  of  diabetic  participants  who  used  no 
treatment  for  their  condition  had  abnormal  popliteal  pulses.  Of  the  diabetics  who  relied  on 
diet  alone,  3.2  percent  had  abnormal  popliteal  pulses  compared  to  2.4  percent  of  those  who 
used  oral  hypoglycemics.  Of  the  insulin-dependent  participants,  17.2  percent  had  abnormal 
popliteal  pulses.  In  the  analysis  of  current  cigarette  smoking,  no  abnormal  popliteal  pulses 
were  seen  for  diabetics  who  had  never  smoked,  whereas  for  former  smokers,  1.2  percent  had 
abnormal  popliteal  pulses.  For  diabetics  who  smoked  either  0  to  20  cigarettes  per  day,  or 
more  than  20  cigarettes  per  day,  the  percentages  with  abnormal  popliteal  pulses  were  17.0  and 
9.4  respectively. 

Covariate  tests  of  association  found  the  associations  of  dorsalis  pedis  pulses  with  age, 
diabetic  severity,  family  history  of  heart  disease,  current  cigarette  smoking,  lifetime  cigarette 
smoking  history,  and  lifetime  alcohol  history  to  be  significant  or  marginally  significant.  In 
the  analysis  of  age,  16.5  percent  of  diabetics  bom  before  1942  had  abnormal  dorsalis  pedis 
pulses  compared  to  7.7  percent  for  those  bom  in  or  after  1942  (p=0.082).  The  analysis  of 
diabetic  severity  showed  that  1 1.6  percent  of  the  participants  who  did  not  use  a  form  of 
diabetic  treatment  had  abnormal  dorsalis  pedis  pulses,  whereas  diabetics  who  used  insulin,  oral 
hypoglycemics,  or  diet  for  treatment  had  31.0,  17.1,  and  12.9  percent  abnormal  dorsalis  pedis 
pulses  (p=0.045).  For  family  history  of  heart  disease,  covariate  tests  revealed  that  18.7 
percent  of  the  diabetics  who  had  no  history  of  heart  disease  in  their  families  had  abnormal 
dorsalis  pedis  pulses  compared  to  only  11.2  percent  for  the  diabetics  who  did  report  a  family 
history  of  the  disease  (p=0.083).  In  the  analysis  of  current  cigarette  smoking,  6.9  percent  of 
the  diabetics  who  never  smoked  had  abnormal  dorsalis  pedis  pulses,  while  13.0  percent  of 
those  who  were  former  smokers  had  abnormal  pulses.  Of  the  diabetics  who  currently  smoke 
either  0  to  20  cigarettes  per  day  or  more  than  20  cigarettes  per  day,  27.7  and  18.8  percent 
respectively  had  abnormal  dorsalis  pedis  pulses  (p=0.012).  The  analysis  of  lifetime  cigarette 
smoking  history  found  that  6.9  percent  of  non-smokers  possessed  abnormal  dorsalis  pedis 
pulses  compared  to  9.8  and  19.9  percent  for  participants  with  between  0  and  10  pack-years 
and  more  than  10  pack-years  (p=0.012).  Covariate  analyses  showed  that  for  diabetics  with  a 
lifetime  alcohol  history  of  either  0  drink-years,  0  to  40  drink-years,  or  more  than  40  drink- 
years,  the  percentages  with  abnormal  dorsalis  pedis  pulses  were  4.2,  12.1,  and  20.8 
respectively  (p=0.044). 
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Posterior  tibial  pulses  was  found  to  be  significantly  related  to  age,  diabetic  severity, 
current  cigarette  smoking,  and  lifetime  cigarette  smoking  history  in  the  covariate  tests  of 
association.  Of  the  older  diabetics,  9.5  percent  had  abnormal  posterior  tibial  pulses  in  contrast 
to  only  1.3  percent  of  the  younger  diabetics  (p=0.032).  In  the  analysis  of  diabetic  severity, 

6.9  percent  of  the  participants  who  did  not  treat  their  diabetic  condition  possessed  abnormal 
posterior  tibial  pulses.  Of  the  participants  who  treated  their  diabetes  with  diet,  oral 
hypoglycemics,  or  insulin,  3.2,  7.3,  and  20.7  percent  had  abnormal  posterior  tibial  pulses, 
(p=0.029).  Covariate  tests  revealed  that  non-smokers  did  not  have  abnormal  posterior  tibial 
pulses,  whereas  6.5  percent  of  former  smokers  had  abnormal  pulses.  For  those  who  presently 
smoke  either  0  to  20  cigarettes  per  day  or  more  than  20  cigarettes  per  day,  19.2  and  12.5 
percent  had  abnormal  posterior  tibial  pulses  (p=0.001).  For  diabetics  with  a  lifetime  cigarette 
smoking  history  of  0  pack-years,  0  to  10  pack-years,  and  more  than  10  pack-years,  the 
percentages  with  abnormal  posterior  tibial  pulses  were  0.0,  6.1,  and  11.5  respectively. 

Covariate  analyses  showed  that  leg  pulses  were  significantly  associated  with  age,  diabetic 
severity,  family  history  of  heart  disease,  current  cigarette  smoking,  lifetime  cigarette  smoking 
history,  and  lifetime  alcohol  history.  In  the  analysis  of  age,  18.1  percent  of  older  diabetics 
and  7.7  percent  of  younger  diabetics  had  abnormal  leg  pulses  (p=0.043).  The  analysis  of 
diabetic  severity  showed  that  of  the  diabetics  who  did  not  treat  their  condition,  13.2  percent 
had  abnormal  leg  pulses.  For  those  who  used  insulin,  oral  hypoglycemics,  or  diet  in  the 
treatment  of  their  diabetes,  31.0,  19.5,  and  12.9  percent  had  abnormal  leg  pulses  (p=0.076). 

Of  the  diabetics  who  reported  a  family  history  of  heart  disease,  11.7  percent  had  abnormal  leg 
pulses  in  contrast  to  20.9  percent  of  those  who  did  not  cite  a  history  of  the  disease  in  their 
families  (p=0.039).  In  the  analysis  of  current  cigarette  smoking,  6.9  and  14.2  percent  of  the 
non-smokers  and  former  smokers  had  abnormal  leg  pulses.  For  those  who  currently  smoke  0 
to  20  cigarettes  per  day  and  more  than  20  cigarettes  per  day,  29.8  and  21.9  percent  had 
abnormal  leg  pulses  (p=0.005).  Of  the  diabetics  who  have  never  smoked,  6.9  percent  had 
abnormal  leg  pulses  compared  to  11.0  and  22.3  percent  for  those  with  a  history  of  cigarette 
smoking  0  to  10  pack-years  and  more  than  10  pack-years  (p=0.006).  The  analysis  of  lifetime 
alcohol  history  showed  that  the  percentages  of  diabetics  with  abnormal  leg  pulses  were  4.2, 
12.6,  and  22.8  for  the  categories  of  0  drink-years,  0  to  40  drink-years,  and  more  than  40 
drink-years  (p=0.021). 

Significant  associations  between  peripheral  pulses  and  age,  diabetic  severity,  family 
history  of  heart  disease,  current  cigarette  smoking,  lifetime  cigarette  smoking  history,  and 
lifetime  alcohol  history  were  evident  from  the  covariate  tests  of  association.  Of  the  diabetics 
bom  before  1942,  18.9  percent  had  abnormal  peripheral  pulses  in  contrast  to  7.7  percent  of 
those  bom  in  or  after  1942  (p=0.030).  The  analysis  of  diabetic  severity  found  that  13.8 
percent  of  the  diabetics  who  did  not  treat  their  condition  had  abnormal  peripheral  pulses. 
Diabetics  who  used  diet  only,  oral  hypoglycemics,  or  insulin  to  treat  their  condition  had  12.9, 
22.0,  and  31.0  percent  abnormal  peripheral  pulses  (p=0.071).  Of  the  diabetics  without  a 
history  of  heart  disease  in  their  family,  20.9  percent  had  abnormal  peripheral  pulses  compared 
to  only  12.9  percent  for  those  with  a  family  history  of  heart  disease  (p=0.078).  In  the 
analysis  of  current  cigarette  smoking,  8.2  percent  of  non-smokers  and  14.8  percent  of  former 
smokers  had  abnormal  peripheral  pulses  whereas  29.8  and  21.9  percent  of  diabetics  smoking 
between  0  and  20  and  over  20  cigarettes  per  day  had  abnormal  peripheral  pulses  (p=0.013). 
The  analysis  of  lifetime  cigarette  smoking  history  showed  that  for  the  categories  of  0  pack- 
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years,  either  0  to  10  pack-years,  or  more  than  10  pack-years,  8.2,  11.0,  and  22.3  percent  of 
the  diabetic  participants  had  abnormal  peripheral  pulses  (p=0.008).  Of  the  diabetics  with  a 
lifetime  alcohol  history  of  0  drink-years,  4.2  percent  had  abnormal  peripheral  pulses  whereas 
for  those  with  a  history  of  either  0  to  40  drink-years  or  more  than  40  drink-years,  13.7  and 
22.8  percent  had  abnormal  pulses  (p=0.034). 

Covariate  analyses  showed  that  thyroid  stimulating  hormone  in  its  continuous  form  was 
significantly  associated  with  age,  race,  and  occupation.  The  correlation  coefficient  between 
age  and  TSH  was  0.088  (p<0.001).  For  Black  participants,  the  mean  TSH  was  1.19  mlU/ml 
compared  to  1.62  mlU/ml  for  non-Black  participants  (p<0.001).  For  officers,  enlisted  flyers, 
and  enlisted  groundcrew,  average  TSH  was  1.68,  1.49,  and  1.56  mlU/ml  respectively 
(p=0.003).  For  TSH  in  its  discrete  form,  covariate  analysis  revealed  that  age  was  the  only 
significant  covariate  (p=0.077).  For  participants  bom  before  1942,  2.9%  had  an  abnormally 
high  TSH  measurement  in  contrast  to  1.7%  for  participants  bom  in  or  after  1942. 

Occupation  was  the  only  covariate  significantly  associated  with  thyroxine  in  both  its 
discrete  and  continuous  forms  in  the  co variate  analyses.  For  thyroxine  measured 
continuously,  mean  levels  of  thyroxine  for  officers,  enlisted  flyers,  and  enlisted  groundcrew 
were  7.57  mg/dl,  7.96  mg/dl,  and  7.98  mg/dl  (p=0.001).  Analysis  of  thyroxine  in  its  discrete 
form  revealed  that  0.3  percent  of  both  enlisted  flyers  and  enlisted  groundcrew  had  abnormally 
low  thyroxine  levels  compared  to  1.2  percent  for  officers  (p=0.040). 

For  fasting  glucose  in  its  continuous  form,  covariate  analyses  involving  all  participants 
found  that  age,  race,  personality  type,  body  fat,  and  family  history  of  diabetes  were 
significant.  In  the  analysis  of  age,  the  correlation  coefficient  with  fasting  glucose  was  0.191 
(p<0.001).  The  correlation  coefficient  between  body  fat  and  fasting  glucose  was  0.209 
^<0.00 1^  The  mean  fasting  glucose  level  for  Blacks  was  109.06  mg/dl  in  contrast  to  104.03 
mg/dl  for  non-Blacks  (p=0.008).  The  analysis  of  personality  type  revealed  that  mean  fasting 
glucose  for  Type  A  participants  was  103.43  mg/dl,  while  mean  fasting  glucose  for  Type  B 
participants  was  105.00  mg/dl.  For  participants  reporting  a  family  history  of  diabetes,  the 
mean  fasting  glucose  was  108.12  mg/dl  compared  to  103.21  mg/dl  for  those  participants  who 
did  not  have  a  family  history  pf  the  disease  (p<0.001). 

Age,  race,  personality  type,  body  fat,  and  family  history  of  diabetes  also  were 
significantly  associated  with  fasting  glucose  in  the  discrete  form.  The  analysis  of  age  revealed 
that  17.8  percent  of  the  participants  bom  before  1942  had  abnormally  high  fasting  glucose 
compared  to  only  7.0  percent  for  participants  bom  in  or  after  1942  (p<0.001).  For  race,  the 
percentages  of  participants  with  abnormally  high  fasting  glucose  levels  were  21.4  percent  for 
Blacks  and  12.7  percent  for  non-Blacks  (p=0.007).  Of  the  participants  with  a  Type  A 
personality,  1 1.4  percent  had  abnormal  fasting  glucose  compared  to  14.6  percent  of  the 
participants  with  a  Type  B  personality  (p=0.031).  The  analysis  of  body  fat  revealed  that  23.1 
percent  of  the  participants  with  an  elevated  body  fat  had  abnormally  high  fasting  glucose, 
while  only  9.8  percent  of  lean  or  normal  participants  had  abnormal  fasting  glucose  (p<0.001). 
For  participants  with  a  family  history  of  diabetes,  18.2  percent  had  abnormally  high  fasting 
glucose  whereas  1 1 .6  percent  of  the  participants  without  a  family  history  of  diabetes  had 
abnormal  fasting  glucose  (p<0.001). 
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Covariate  analyses  using  diabetic  participants  only  revealed  that  race  and  diabetic 
severity  were  significantly  associated  with  fasting  glucose  in  its  continuous  form.  For  Black 
participants,  mean  fasting  glucose  was  160.58  mg/dl,  while  for  non-Blacks,  mean  fasting 
glucose  was  140.48  mg/dl  (p=0.058).  In  the  analysis  of  diabetic  severity,  mean  fasting 
glucose  was  130.64  mg/dl  for  diabetics  not  treating  their  diabetes.  For  participants  treating 
their  diabetes  with  diet  only,  oral  hypoglycemics,  or  insulin,  mean  fasting  glucose  was  141.57 
mg/dl,  187.22  mg/dl,  and  166.60  mg/dl  respectively  (p<0.001).  In  the  covariate  analyses  for 
diabetics  only,  age  and  diabetic  severity  also  were  significant  for  fasting  glucose  in  its  discrete 
form.  Of  the  diabetics  bom  before  1942,  72.4  percent  had  abnormally  high  fasting  glucose 
compared  to  59.0  percent  of  the  diabetics  bom  in  or  after  1942  (p=0.036).  For  the  diabetic 
severity  analyses,  the  percentages  of  diabetics  using  no  treatment,  diet  only,  oral 
hypoglycemics,  or  insulin  were  64.6,  61.3,  92.7,  and  82.8  respectively  (p=0.001). 

In  the  covariate  analyses  involving  only  nondiabetic  participants,  age,  occupation, 
personality  type,  and  body  fat  were  significantly  associated  with  fasting  glucose  measured 
continuously.  For  the  analyses  of  age  and  body  fat,  the  respective  correlation  coefficients 
were  0.169  and  0.165  (p<0.001  for  both  covariates).  The  analysis  of  occupation  showed  that 
mean  fasting  glucose  for  officers  and  enlisted  flyers  were  99.51  mg/dl  and  99.60  mg/dl 
compared  to  98.43  mg/dl  for  enlisted  groundcrew  (p=0.021).  For  nondiabetics  with  a  Type  A 
personality,  mean  fasting  glucose  was  98.64  mg/dl  in  contrast  to  99.36  mg/dl  for  Type  B 
participants  (p=0.068).  For  nondiabetic  participants,  covariate  tests  of  association  for  fasting 
glucose  in  its  discrete  form  found  age  to  be  the  only  significant  covariate.  The  percentages  of 
abnormalities  were  5.0  percent  for  nondiabetics  bom  before  1942  and  2.4  percent  for  those 
bom  in  or  after  1942. 

With  the  exception  of  race,  all  candidate  covariates  were  significantly  associated  with 
discrete  and  continuous  2-hour  postprandial  glucose.  For  continuous  2-hour  postprandial 
glucose,  the  respective  correlation  coefficients  for  age  and  body  fat  were  0.188  (p<0.001)  and 
0.265  (p<0.001).  For  officers  and  enlisted  groundcrew,  mean  2-hour  postprandial  glucose 
levels  were  102.17  mg/dl  and  103.31  mg/dl  in  contrast  to  107.66  mg/dl  for  enlisted  flyers 
(p=0.018).  Average  2-hour  postprandial  glucose  for  nondiabetics  v«th  a  Type  A  personality 
was  100.89  mg/dl  compared  to  105.61  mg/dl  for  those  with  a  T5TJe  B  personality  (p<0.001). 
For  family  history  of  diabetes,  mean  2-hour  postprandial  glucose  levels  were  108.53  mg/dl  for 
nondiabetics  with  a  family  history  of  diabetes  and  102.46  mg/dl  for  nondiabetics  without  a 
family  history  of  diabetes  (p<0.001).  Covariate  analyses  between  discrete  2-hour  postprandial 
glucose  and  age  revealed  that  16.8  percent  of  nondiabetics  bom  before  1942  had  an  impaired 
2-hoxir  postprandial  glucose  level  compared  to  only  8.9  percent  for  those  bom  in  or  after  1942 
(p<0.001).  For  officers,  enlisted  flyers,  and  enlisted  groundcrew,  the  percentages  of 
nondiabetics  with  an  impaired  level  of  2-hour  postprandial  glucose  were  11.1  percent,  15.8 
percent,  and  14.1  percent  respectively  (p=0.075).  Of  the  nondiabetics  with  a  Type  A 
personality,  10.4  percent  had  an  impaired  level  of  2-hoxir  postprandial  glucose  in  contrast  to 
15.3  percent  for  those  with  a  Type  B  personality  (p=0.003).  The  analysis  of  body  fat  showed 
that  23.2  percent  of  obese  nondiabetics  had  an  impaired  level  of  2-hour  postprandial  glucose 
whereas,  for  lean  or  normal  nondiabetics,  only  10.4  percent  had  an  impaired  level  (p<0.001). 
For  nondiabetics  with  a  family  history  of  diabetes,  17.0  percent  had  impaired  2-hour 
postprandial  glucose  compared  to  only  12.1  percent  for  those  without  a  family  history  of  the 
disorder  (p=0.014). 
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Significant  covariates  disclosed  in  the  covariate  analysis  of  fasting  urinary  glucose  for  all 
participants  included  age,  race,  body  fat,  and  family  history  of  diabetes.  In  the  analysis  of 
age,  4.2  percent  of  participants  bom  before  1942  had  fasting  urinary  glucose  present  in 
contrast  to  only  1.6  percent  for  those  bom  in  or  after  1942  (p=0.001).  The  analysis  of  race 
showed  that  6.1  percent  of  Blacks  and  2.9  percent  of  non-Blacks  had  fasting  urinary  glucose 
present  (p=0.068).  For  obese  participants,  6.0  percent  had  fasting  urinary  glucose  present 
compared  to  only  2.1  percent  for  lean  or  normal  participants  (p<0.001).  For  participants  with 
a  family  history  of  diabetes,  4.8  percent  had  fasting  urinary  glucose  present  compared  to  only 
2.5  percent  for  those  with  no  family  history  of  diabetes  (p=0.010). 

Diabetic  severity  was  the  only  covariate  significantly  associated  with  fasting  urinary 
glucose  in  the  covariate  analysis  restricted  to  diabetics.  The  analysis  of  diabetic  severity 
found  that  1 1.7  percent  of  the  diabetics  who  did  not  treat  their  diabetes  had  fasting  urinary 
glucose  present.  Of  the  diabetics  who  used  diet,  oral  hypoglycemics,  or  insulin  to  treat  their 
diabetes,  21.0  percent,  43.9  percent,  and  48.3  percent  had  fasting  urinary  glucose  present 

(p<0.001). 

Restricted  to  nondiabetics,  there  was  only  one  participant,  a  Comparison,  with  abnormal 
fasting  urinary  glucose.  Therefore,  tests  of  covariate  association  were  not  performed  for  this 
variable  for  the  nondiabetic  cohort. 

Covariate  analysis  revealed  that  both  age  and  occupation  were  significantly  associated 
with  2-hour  postprandial  urinary  glucose.  In  the  analysis  of  age,  20.5  percent  of  nondiabetics 
bom  before  1942  had  2-hour  postprandial  urinary  glucose  present  while  only  15.9  percent  of 
those  bom  in  or  after  1942  had  2-hour  postprandial  glucose  present  (p=0.012).  For  officers, 
enlisted  flyers,  and  enlisted  groundcrew,  the  percentages  with  2-hour  postprandial  urinary 
glucose  present  were  14.3,  21.8,  and  20.9  respectively  (p=0.001). 

Serum  insulin  in  its  continuous  form  increased  with  age  (p<0.001)  and  body  fat 
(p<0.001).  Black  participants  had  lower  serum  insulin  levels  than  non-Black  participants 
(p=0.048).  Participants  with  Type  A  personalities  had  lower  serum  insulin  levels  than 
participants  with  Type  B  personalities  (p<0.001).  The  analysis  of  diabetic  participants 
revealed  that  mean  serum  insulin  levels  increased  as  body  fat  increased  (p<0.001).  The  Black 
diabetics  had  lower  mean  serum  insulin  levels  than  the  non-Black  diabetics  (p=0.001). 

Diabetic  participants  with  a  family  history  of  diabetes  had  lower  serum  insulin  levels  than 
diabetic  participants  with  no  family  history  of  diabetes  (p=0.030).  Diabetic  participants  who 
are  insulin  dependent  had  the  highest  mean  serum  insulin  levels  followed  by  participants  not 
treating  their  diabetes,  participants  using  oral  hypoglycemics,  and  participants  who  control 
their  diabetes  through  diet  only  (p<0.001).  Analysis  of  nondiabetic  participants  showed  mean 
serum  insulin  levels  increased  with  age  (p<0.001)  and  body  fat  (p<0.001).  Nondiabetic 
enlisted  flyers  had  the  highest  mean  serum  insulin  levels  followed  by  the  enlisted  groundcrew 
then  the  officers  (p=0.003).  Nondiabetic  participants  with  personality  Type  A  had  lower 
mean  serum  insulin  levels  than  those  with  personality  Type  B  (p<0.001).  Nondiabetic 
participants  with  a  family  history  of  diabetes  had  higher  serum  insulin  levels  than  those 
participants  with  no  family  history  of  diabetes  (p=0.002). 
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Serum  insulin,  when  categorized  as  abnormally  low,  normal,  or  abnormally  high, 
revealed  that  the  percentage  of  participants  with  low  serum  insulin  levels  decreased  with  age 
and  the  percentage  of  participants  with  high  serum  insulin  levels  increased  with  age 
(p<0.001).  The  percentage  of  participants  with  abnormally  low  serum  insulin  levels  increased 
as  body  fat  decreased  and  the  percentage  of  participants  with  abnormally  high  serum  insulin 
levels  decreased  as  body  fat  decreased  (p<0.001).  A  greater  percentage  of  participants  with 
low  serum  insulin  levels  had  Type  A  personalities  whereas  a  greater  percentage  of  participants 
with  high  serum  insulin  levels  had  Type  B  personalities  (p<0.001).  The  percentage  of 
diabetic  participants  with  abnormally  low  serum  insulin  levels  increased  as  body  fat  increased 
and  the  percentage  of  diabetic  participants  with  abnormally  high  serum  insulin  levels 
decreased  as  body  fat  increased  (p=0.017).  In  both  the  abnormally  low  and  abnormally  high 
strata,  a  greater  percentage  of  diabetic  participants  had  Type  B  personalities  than  Type  A 
personalities  (p=0.030).  A  higher  percentage  of  diabetic  participants  with  abnormally  low 
senun  insulin  levels  were  Black,  whereas  a  greater  percentage  of  diabetic  participants  with 
abnormally  high  serum  insulin  levels  were  non-Black  (p<0.001).  The  low  serum  insulin 
category  contained  only  diabetic  enlisted  flyers.  No  abnormally  low  serum  insulin  levels  were 
noted  for  the  diabetic  officers  and  diabetic  enlisted  groundcrew.  The  high  serum  insulin 
category  contained  a  greater  percentage  of  diabetics  who  are  insulin  dependent  followed  by 
diabetic  enlisted  groundcrew  and  diabetic  enlisted  flyers  (p=0.003).  The  low  serum  insulin 
category  contained  only  insulin  dependent  diabetics.  The  high  serum  insulin  category 
contained  a  greater  percentage  of  insulin  dependent  diabetics  followed  by  participants  not 
treating  their  diabetes,  participants  who  are  treating  their  diabetes  with  oral  hypoglycemics, 
and  participants  who  are  treating  their  diabetes  with  diet  only  (p<0.001).  Analysis  of  the 
nondiabetic  cohort  showed  the  percentage  of  participants  with  low  serum  insulin  decreased 
with  age  and  the  percentage  of  participants  with  high  serum  insulin  increased  with  age 
(p<0.001).  The  percentage  of  nondiabetic  participants  in  the  abnormally  low  strata  increases 
as  body  fat  increases.  The  percentage  of  nondiabetic  participants  in  the  abnormally  high 
strata  decreases  as  body  fat  increases  (p<0.001). 

The  low  serum  insulin  category  contained  a  greater  percentage  of  officers  followed  by 
enlisted  grovmdcrew  and  then  enlisted  flyers.  The  high  serum  insulin  category  contained  a 
greater  percentage  of  enlisted  flyers  followed  by  enlisted  groundcrew  and  then  officers 
(p=0.018).  In  both  the  abnormally  low  and  abnormally  high  serum  insulin  strata,  a  higher 
percentage  of  nondiabetic  participants  had  personality  Type  B  than  Type  A  (p=0.003).  A 
greater  percentage  of  nondiabetic  participants  in  the  abnormally  low  serum  insulin  strata  did 
not  have  a  family  history  of  diabetes.  A  greater  percentage  of  nondiabetic  participants  in  the 
abnormally  high  serum  insulin  strata  had  a  family  history  of  diabetes  (p=0.013). 

Serum  glucagon  in  its  continuous  form  increased  with  age  (p<0.001)  and  body  fat 
(p<0.001)  for  all  participants.  The  analysis  of  diabetic  participants  revealed  that  those  who 
control  their  diabetes  through  diet  only  had  the  highest  mean  serum  glucagon  levels  followed 
by  participants  who  did  not  treat  their  diabetes,  participants  who  use  oral  hypoglycemics,  and 
participants  who  are  insulin  dependent  (p<0.001).  Analysis  of  nondiabetic  participants 
showed  mean  serum  glucagon  levels  increased  with  age  (p=0.007).  Non-Black  participants 
had  higher  mean  serum  glucagon  levels  than  Black  participants  (p=0.024)  among  the 
nondiabetics. 
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In  its  continuous  form,  a-l-C  hemoglobin  increased  with  age  (p<0.001)  and  body  fat 
(p<0.001).  Black  participants  had  higher  a-l-C  hemoglobin  levels  than  the  non-Black 
participants  (p<0.001).  Enlisted  flyers  had  the  highest  mean  a-l-C  hemoglobin  levels 
followed  by  the  enlisted  groundcrew  and  officers  (p=0.003).  Participants  with  a  family 
history  of  diabetes  had  higher  mean  a-l-C  hemoglobin  levels  than  those  participants  without 
family  history  of  diabetes  (p<0.001).  The  analysis  of  diabetic  participants  revealed  that  mean 
a-l-C  hemoglobin  levels  decreased  as  diabetic  severity  increased  (p<0.001).  Black  diabetic 
participants  had  higher  mean  a-l-C  hemoglobin  levels  than  non-Black  diabetic  participants 
(p=0.001).  Diabetic  participants  with  a  family  history  of  diabetes  had  higher  a-l-C 
hemoglobin  levels  than  diabetic  participants  with  no  family  history  of  diabetes  (p=0.025). 
Analysis  of  nondiabetic  participants  showed  mean  a-l-C  hemoglobin  levels  increased  with 
age  (i»<0.001)  and  body  fat  (p=0.001).  Nondiabetic  enlisted  flyers  had  the  highest  mean  a-1- 
C  hemoglobin  levels  followed  by  the  nondiabetic  enlisted  groundcrew  and  nondiabetic  officers 
(p=0.001).  Black  nondiabetic  participants  had  higher  mean  a-l-C  hemoglobin  levels  than 
non-Black  nondiabetic  participants  (p<0.001).  Nondiabetic  participants  with  a  family  history 
of  diabetes  had  higher  a-l-C  hemoglobin  levels  than  nondiabetic  participants  with  no  family 
history  of  diabetes  (p=0.001). 

When  categorized  as  normal  or  high,  a-l-C  hemoglobin  revealed  that  the  percentage  of 
participants  with  high  a-l-C  hemoglobin  levels  increased  with  age  (p<0.001)  and  decreased 
with  body  fat  (p<0.001)  for  all  participants.  Enlisted  flyers  had  the  highest  percentage  of  low 
a-l-C  hemoglobin  levels  followed  by  enlisted  groimdcrew  and  officers  (p=0.001).  Black 
participants  had  a  higher  percentage  of  low  a-l-C  hemoglobin  levels  than  non-Black 
participants  (p<0.001).  The  participants  with  a  family  history  of  diabetes  had  a  higher 
percentage  of  low  a-l-C  hemoglobin  levels  (p<0.001).  The  percentage  of  diabetic 
participants  with  low  a-l-C  hemoglobin  levels  decreased  as  body  fat  increased  (p=0.013).  All 
participants  who  treat  their  diabetes  through  diet  only  and  those  that  do  not  treat  their  diabetes 
were  in  the  low  a-l-C  hemoglobin  category.  Insulin  dependent  participants  had  a  higher 
percentage  of  low  a-l-C  hemoglobin  levels  than  participants  using  oral  hypoglycemics 

(p<0.001). 

Analysis  of  the  nondiabetic  cohort  showed  the  percentage  of  participants  with  low  a-l-C 
hemoglobin  decreased  with  body  fat  (p=0.004).  The  low  a-l-C  hemoglobin  category 
contained  a  greater  percentage  of  enlisted  flyers  followed  by  enlisted  groundcrew  and  officers 
(p=0.004).  A  higher  percentage  of  nondiabetic  participants  were  Black  than  were  non-Black 
(p<0.001).  A  higher  percentage  of  participants  with  low  a-l-C  hemoglobin  had  a  family 
Wstory  of  diabetes  than  those  who  had  no  history  of  diabetes  (p=0.024). 

The  percentage  of  participants  with  positive  results  for  urinary  protein  decreased  as 
diabetic  severity  increased  (p=0.004). 

Serum  proinsulin  in  its  continuous  form  increased  as  body  fat  increased  (p<0.001). 
Participants  with  Type  B  personalities  had  higher  mean  serum  proinsulin  levels  than 
participants  with  Type  A  personalities  (p=0.021).  Non-Black  participants  had  higher  mean 
serum  proinsulin  levels  than  Black  participants  (p=0.019).  Diabetic  participants  who  treat 
their  diabetes  with  insulin  had  the  highest  mean  serum  proinsulin  level  followed  by 
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participants  who  treat  their  diabetes  through  diet  only,  participants  not  treating  their  diabetes, 
and  participants  who  treat  their  diabetes  with  oral  hypoglycemics  (p=0.004). 

Categorizing  serum  proinsulin  as  normal  or  abnormally  high  showed  that  abnormally 
high  serum  proinsulin  levels  decreased  as  body  fat  increased  (p=0.025).  Diabetic  participants 
who  treat  their  diabetes  through  diet  only  had  the  highest  percent  abnormal  serum  proinsulin 
levels  followed  by  participants  who  do  not  treat  their  diabetes,  participants  who  use  oral 
hypoglycemics,  and  participants  who  are  insulin  dependent  (p<0.001). 

Serum  C  peptide  in  its  continuous  form  increased  with  body  fat  (p=0.001)  and  diabetic 
severity  (p<0.001).  Black  participants  had  lower  mean  serum  C  peptide  levels  than  non-Black 
participants  (p=0.003).  Participants  with  a  family  history  of  diabetes  had  lower  mean  serum 
C  peptide  levels  than  participants  with  no  family  history  of  diabetes  (p=0.010). 

The  percentage  of  participants  with  abnormal  serum  C  peptide  levels  decreased  as  body 
fat  increased  (p=0.068).  A  lower  percentage  of  participants  with  a  family  history  of  diabetes 
had  abnormal  serum  C  peptide  levels  than  participants  without  a  family  history  of  diabetes 
(p=0.072).  The  percentage  of  participants  with  abnormal  serum  C  peptide  levels  decreased  as 
diabetic  severity  increased  (p<0.001). 

Total  testosterone  in  its  continuous  form  decreased  with  age  (p<0.001)  and  body  fat 
(p<0.001).  Mean  total  testosterone  levels  were  highest  in  the  enlisted  groimdcrew  followed  by 
the  enlisted  flyers  and  officers  (p=0.014).  Total  testosterone,  when  categorized  as  either  low 
or  normal,  decreased  as  body  fat  increased  (p<0.001). 

Free  testosterone  in  its  continuous  form  decreased  with  age  ^<0.001)  and  body  fat 
(p<0.001).  Mean  free  testosterone  levels  were  highest  among  the  enlisted  groundcrew 
followed  by  the  enlisted  flyers  and  officers  (p<0.001).  Participants  with  Type  A  personalities 
had  higher  mean  free  testosterone  levels  than  participants  with  Type  B  personalities  (p=0.001). 

Free  testosterone,  when  categorized  as  either  low  or  normal,  decreased  with  age 
(p<0.001)  and  body  fat  (p<0.001).  A  higher  percentage  of  participants  with  abnormally  low 
free  testosterone  levels  had  Type  B  personalities  rather  than  Type  A  personalities  (p=0.016). 

A  higher  percentage  of  Black  participants  had  abnormally  low  sex  hormone  binding 
globulin  than  non-Black  participants  (p=0.010).  A  higher  percentage  of  participants  with 
abnormally  low  hormone  binding  globulin  levels  had  Type  B  personalities  rather  than  Type  A 
personalities  (p=0.036). 

The  ratio  of  total  testosterone  to  sex  hormone  binding  globulin  increased  with  age 

(p<0.001). 

Estradiol  in  its  continuous  form  decreased  with  age  (p<0.001).  Black  participants  had 
higher  mean  estradiol  levels  than  the  non-Black  participants  (p<0.001). 

Luteinizing  hormone  in  both  its  continuous  and  discrete  forms  increased  with  age 

(p<0.001). 
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Follicle  stimulating  hormone  in  its  continuous  form  increased  with  age  (p<0.001).  Mean 
follicle  stimulating  hormone  levels  were  highest  in  the  officers  followed  by  the  enlisted  flyers 
and  enlisted  groundcrew  (p=0.005). 

Follicle  stimulating  hormone,  when  classified  as  normal  or  high,  increased  with  age. 

The  enlisted  flyers  had  the  highest  percentage  of  abnormally  high  follicle  stimulating  hormone 
levels  followed  by  the  officers  and  enlisted  groundcrew  (p=0.024). 

Exposure  Analysis 

The  following  section  presents  the  results  of  the  statistical  analyses  of  the  dependent 
variables  shown  in  Table  18-1.  Dependent  variables  are  grouped  into  three  sections:  those 
derived  and  verified  from  a  review  of  medical  records,  data  obtained  during  the  1992  physical 
examination,  and  data  derived  from  the  laboratory  portion  of  the  1992  followup  examination. 

Unadjusted  and  adjusted  analyses  of  six  models  are  presented  for  each  variable.  Model  1 
examines  the  relationship  between  the  dependent  variable  and  group  (Ranch  Hand  or 
Comparison).  Model  2  explores  the  relationship  between  the  dependent  variable  and  an 
extrapolated  initial  dioxin  measxire  for  Ranch  Hands  who  had  a  1987  dioxin  level  greater  than 
10  ppt.  If  a  participant  did  not  have  a  1987  dioxin  level,  a  1992  level  was  used.  A  statistical 
adjustment  for  the  percent  of  body  fat  at  the  participant’s  time  of  duty  in  SEA  and  the  change 
in  the  percent  body  fat  from  the  participant’s  time  of  duty  in  SEA  to  the  date  of  the  blood 
draw  for  dioxin  is  included  in  this  model  to  account  for  body-fat-related  differences  in 
elimination  rate  (42).  Model  3  dichotomizes  the  Ranch  Hands  in  Model  2  based  on  their 
initial  dioxin  measures;  these  two  categories  of  Ranch  Hands  are  referred  to  as  the  “low 
Ranch  Hand”  category  and  the  “high  Ranch  Hand”  category.  These  participants  are  added  to 
Ranch  Hands  and  Comparisons  vith  current  sertun  dioxin  levels  (1987,  if  available;  1992,  if 
the  1987  level  was  not  available)  at  or  below  10  ppt  to  create  a  total  of  four  categories. 

Ranch  Hands  with  current  serum  dioxin  levels  at  or  below  10  ppt  are  referred  to  as  the 
“background  Ranch  Hand”  category.  The  relationship  between  the  dependent  variable  in  each 
of  the  three  Ranch  Hand  categories  and  the  dependent  variable  in  the  “Comparison”  category 
is  examined.  A  fourth  contrast,  exploring  the  relationship  of  the  dependent  variable  in  the 
low  Ranch  Hand  category  and  the  high  Ranch  Hand  category  combined,  also  is  conducted. 
This  combination  is  referred  to  in  the  text  and  tables  as  the  “low  plus  high  Ranch  Hand” 
category.  As  in  Model  2,  a  statistical  adjustment  is  made  for  percent  body  fat  at  the 
participant’s  time  of  duty  in  SEA  and  the  change  in  the  percent  body  fat  from  the  time  of 
duty  in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Models  4,  5,  and  6  examine  the  relationship  between  the  dependent  variable  and  1987 
dioxin  levels  in  all  Ranch  Hands  with  a  dioxin  measiarement.  If  a  participant  did  not  have  a 
1987  dioxin  measurement,  a  1992  measurement  was  utilized  in  determining  the  current  dioxin 
level.  The  measure  of  dioxin  in  Model  4  is  lipid-adjusted,  whereas  whole-weight  dioxin  is 
used  in  Models  5  and  6.  Model  6  differs  from  Model  5  in  that  a  statistical  adjustment  for 
total  lipids  is  included  in  Model  6.  Further  details  on  dioxin  and  the  modeling  strategy  are 
found  in  Chapters  2  and  7  respectively. 
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Results  of  investigations  for  group-by-covariate  and  dioxin-by-covariate  interactions  are 
referenced  in  the  text,  and  tabular  results  are  presented  in  Appendix  N-2.  As  described 
previously,  additional  analyses  were  performed  when  occupation,  body  fat,  cholesterol,  or 
HDL  was  retained  in  the  final  model  for  Models  2  through  6.  Results  excluding  these 
covariates  from  these  models  are  tabled  in  Appendix  N-3,  and  dioxin-by-covariate  interactions 
with  these  covariates  excluded  from  these  models  are  presented  in  Appendix  N-4.  Results 
from  analyses  excluding  occupation,  body  fat,  cholesterol,  and  HDL  are  discussed  in  the  text 
only  if  a  meaningful  change  in  the  results  occurred  (that  is,  changes  between  significant 
results,  marginally  significant  results,  and  nonsignificant  results). 

Medical  Records  Variable 

Past  Thyroid  Disease 

The  overall  and  stratified  Model  1  unadjusted  analyses  of  past  thyroid  disease  did  not 
show  a  significant  difference  between  Ranch  Hands  and  Comparisons  (Table  18-3(a):  p>0.29 
for  all  analyses).  In  the  adjusted  analysis,  the  interaction  of  group  and  personality  type  was 
significant  (Table  18-3(b):  p=0.039).  Appendix  Table  N-2-1  shows  the  stratified  results  of 
the  relationship  of  past  thyroid  disease  separately  for  Type  A  and  Type  B  personalities. 
Removal  of  the  interaction  from  the  final  model  did  not  lead  to  a  significant  group  effect 
(p>0.19  for  all  analyses).  Age  and  the  race-by-personality  type  interaction  were  significant. 

Models  2  and  3  examined  the  relationship  between  past  thyroid  disease  and  initial  dioxin. 
For  Model  2,  neither  the  unadjusted  nor  the  adjusted  analyses  detected  a  significant  initial 
dioxin  effect  (Table  18-3(c,d):  p>0.36  for  all  analyses).  Although  the  Model  3  unadjusted 
analysis  showed  nonsignificant  results  (Table  18-3(e):  p>0.26  for  all  analyses),  the  adjusted 
analysis  revealed  a  significant  interaction  between  categorized  dioxin  and  personality  type 
(Table  18-3(f):  p=0.039).  Appendix  Table  N-2-1  displays  further  analysis  of  this  interaction. 
The  association  between  categorized  dioxin  and  past  thyroid  disease  was  not  significant, 
however,  once  the  interaction  was  removed  from  the  final  model  (Table  18-3(f):  p>0.19). 

The  interaction  of  age  and  race  was  retained  in  both  Model  2  and  3  adjusted  analyses.  In 
addition,  the  race-by-personality  type  interaction  was  retained  in  the  Model  3  analysis. 

The  Model  4  unadjusted  analysis  revealed  no  significant  results,  while  in  the  adjusted 
analysis,  the  interaction  of  current  dioxin  and  personality  type  was  significant  (Table  18-3(h): 
p=0.037).  Results  from  additional  analysis  on  this  interaction  are  shown  in  Appendix  Table 
N-2-1.  Current  dioxin  was  not  significant  once  the  interaction  was  removed  from  the  final 
model  (p=0.954).  The  association  between  current  dioxin  and  past  thyroid  disease  was 
nonsignificant  in  the  unadjusted  and  adjusted  analyses  of  Models  5  and  6  (Table  18-3(g,h): 
p>0.54  for  all  analyses).  The  age-by-race  interaction  was  retained  in  each  of  the  three 
adjusted  analyses.  Personality  type  was  retained  in  the  Model  5  and  6  analyses.  . 
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Table  18-3. 

Analysis  of  Past  Thyroid  Disease 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  UNADJUSTED 

Occupational 

Category 

Group 

n 

Percent 

Yes 

Est.  Relative  Risk 
(95%  C.l.) 

p- Value 

All 

Ranch  Hand 

945 

5.3 

0.93  (0.64,1.35) 

0.787 

Comparison 

1,275 

5.6 

Officer 

Ranch  Hand 

364 

6.3 

1.09(0.62,1.92) 

0.869 

Comparison 

499 

5.8 

Enlisted  Flyer 

Ranch  Hand 

161 

5.0 

1.46  (0.52,4.13) 

0.646 

Comparison 

203 

3.4 

Enlisted  Groundcrew 

Ranch  Hand 

420 

4.5 

0.71  (0.40,1.25) 

0.291 

Comparison 

573 

6.3 

b)  MODEL  I:  RANCH  HANDS  VS.  COMPARISONS  - 

ADJUSTED 

Occupational 

Adj.  Relative  Risk 

Covariate  R^arks^ 

Category 

(95%  C.I.)  p-Vahie 

All 

0.92  (0.63,1.33)** 

0.655** 

GROUP*PERS 

Officer 

1.08  (0.61,1.90)** 

0.791** 

(p=0.039) 
AGE  (p  =0.006) 

Enlisted  Flyer 

1.48  (0.52,4.18)** 

0.463** 

RACE*PERS 

Enlisted  Groundcrew 

0.68  (0.39,1.22)** 

0.196** 

(p =0.008) 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 

**  Group-by-covariate  interaction  (0.01  <p<0.05);  adjusted  relative  risk,  confidence  interval,  and  p-value 
derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  N-2-1  for  further 
analysis  of  this  interaction. 
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Table  18-3.  (Continued) 
Analysis  of  Past  Thyroid  Disease 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Percent 

Diitial  Dioxin  n  Yes 


Analysis  Results  for  Logj  (Initial  Dioxin)^ 

E^imated  Rdative  Rii^ 

(95%C.L)‘' 


p-Value 


Low 

174 

5.7 

1.08  (0.80,1.47) 

0.621 

Medium 

171 

2.9 

High 

171 

5.3 

d)  MODEL  2:  RANCH  HANDS  --  INTIIAL^^D^ 

ADJUSTED^^  ^  ^  ^  ^  ^ 

n 

Analysis  Results  for  Logj  Hnitial  Dioxin)^ 
Adj.  Rdative  Risk  (95%  C.I.)*’  p-Value 

Covariate  Remarks 

516 

1.17  (0.84,1.62)  0.365 

AGE*RACE  (p  =0.037) 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

**  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  18-3.  (Continued) 
Analysis  of  Past  Thyroid  Disease 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-UNADJUSTED 

Dioxin  Category 

n 

Percent 

Yes 

£st.  Relative  Risk 
(95%  C.!.)** 

p-Value 

Comparison 

1,057 

5.9 

Background  RH 

371 

6.7 

1.22  (0.75,1.98) 

0.421 

Low  RH 

258 

4.3 

0.71  (0.37,1.37) 

0.305 

High  RH 

258 

5.0 

0.81  (0.44,1.50) 

0.500 

Low  plus  High  RH 

516 

4.7 

0.76(0.47,1.23) 

0.267 

f)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGCMRY  -  ADJUSTED 

Dioxin  Category 

n 

Adj .  Relative  Risk 
(95%  C.L)^ 

p-Value 

Covari^e  Roarks 

Comparison 

Background  RH 

1,056 

371 

1.17  (0.72,1.91)** 

0.524** 

DXCAT*PERS  (p =0.039) 
AGE*RACE  (p=0.050) 
RACE*PERS  (p =0.012) 

Low  RH 

257 

0.64(0.32,1.25)** 

0.191** 

HighRH 

258 

0.88  (0.47,1.64)** 

0.678** 

Low  plus  High  RH 

515 

0.75  (0.46,1.23)** 

0.254** 

Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Categorized  dioxin-by-covariate  interaction  (0.01  <p<0.05);  adjusted  relative  risk,  confidence  interval,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  N-2-1  for 
further  analysis  of  this  interaction. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 

DXCAT  =  Categorized  Dioxin. 
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Table  18-3.  (Continued) 
Analysis  of  Past  Thyroid  Disease 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  —  CURRENT  DIOXIN  -  UNADJUSTED 


- 

Current  Dioxin  Category 
Percent  Yes/(n) 

Analysis  Results  for  Log2 
(Current  IMoxin  +1) 

Low 

Medium 

High 

Est.  Relative  Risk 
(95%  C.L)'> 

p-Value 

4 

6.1 

(294) 

6.1 

(297) 

4.4 

(296) 

0.95  (0.78,1.17) 

0.644 

5 

5.4 

(298) 

6.4 

(296) 

4.8 

(293) 

0.99  (0.83,1.17) 

0.874 

6*= 

5.4 

(297) 

6.4 

(296) 

4.8 

(293) 

0.94  (0.79,1.13) 

0.543 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  —  ADJUSTED 


ModeP 

n 

Analysis  Results  for  Log2  (Cuirent  Dipxin  +  1) 

Adj*  Relative  Risk 

(95%  Gil.)'’  p-Value  Govariate  Remarks 

4 

886 

0.99  (0.80,1.23)** 

0.954** 

CURR*PERS  (p =0.037) 

AGE*RACE  (p =0.028) 

5 

886 

1.02  (0.85,1.22) 

0.834 

PERS  (p=0.095) 

AGE*RACE  (p =0.038) 

6*^ 

885 

0.98  (0.81,1.19) 

0.842 

PERS  (p=0.110) 

AGE*RACE  (p =0.036) 

^  Model  4:  Log2  (lipid-adjusted  current  dioxin  +1). 

Model  5:  Logj  (whole-weight  current  dioxin  +1). 

Model  6:  Log2  (whole-weight  current  dioxin  +1),  adjusted  for  log2  total  lipids. 

^  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

^  Adjusted  for  log2  total  lipids. 

^  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (current  dioxin  +  l)-by-covariate  interaction  (0.01  <p  <0.05);  adjusted  relative  risk,  confidence 
interval,  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix 
Table  N-2-1  for  further  analysis  of  this  interaction. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 

CURR  =  Log2  (current  dioxin  +  1). 
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Medical  Records  and  Laboratory  Variables 

Composite  Diabetes  Indicator 

For  Model  1,  neither  the  unadjusted  nor  the  adjusted  analyses  of  composite  diabetes 
indicator  revealed  a  significant  group  effect  (Table  18-4(a,b):  p>0.15  for  all  analyses).  Age, 
body  fat,  and  the  occupation-by-race  and  race-by-family  history  of  diabetes  interactions  were 
significant  in  the  adjusted  analysis. 

No  significant  relationship  between  initial  dioxin  and  composite  diabetes  indicator  was 
evident  from  the  results  of  the  Model  2  unadjusted  analysis  (Table  18-4(c):  p=0.947).  In  the 
adjusted  analysis,  a  significant  initial  dioxin-by-occupation  interaction  was  found 
(Table  18-4(d):  p=0.023).  Appendix  Table  N-2-2  displays  results  stratified  by  occupation. 
After  removing  the  initial  dioxin-by-occupation  interaction  and  adjusting  for  age,  race,  and 
family  history  of  diabetes,  a  marginally  significant  interaction  between  initial  dioxin  and 
occupation  was  revealed  (Table  18-4(d):  p=0.075,  Adj.  RR=1.21). 

The  Model  3  unadjusted  analysis  did  not  detect  a  significant  dioxin  effect  (Table  18-4(e): 
p>0.16).  In  the  adjusted  analysis,  the  interaction  of  categorized  dioxin  and  occupation  was 
significant.  The  results  stratified  by  occupation  interaction  are  displayed  in  Appendix  Table 
N-2-2.  Deleting  this  interaction  from  the  final  model  did  not  reveal  significant  differences 
between  any  of  the  Ranch  Hand  categories  and  the  Comparison  group  (Table  18-4(f):  p>0.17 
for  all  contrasts).  However,  the  removal  of  occupation  from  the  final  model  led  to  a 
marginally  significant  difference  between  the  high  Ranch  Hand  category  and  the  Comparison 
group  (Table  N-3-1:  p=0.091,  Adj.  RR=1.41).  Age,  race,  and  family  history  of  diabetes  were 
significant  covariates. 

Each  of  the  Model  4,  5,  and  6  unadjusted  analyses  revealed  significant  positive 
associations  between  current  dioxin  and  the  composite  diabetes  indicator  (Table  18-4(g): 
p=0.005,  Est.  RR=1.19  for  Model  4;  p<0.001,  Est.  RR=1.20  for  Model  5;  and  p=0.050,  Est. 
RR=1.12  for  Model  6).  Likewise,  the  adjusted  analyses  for  Models  4  through  6  revealed 
significant  positive  associations  with  current  dioxin  (Table  18-4(h):  p=0.002,  Adj.  RR=1.26 
for  Model  4;  p<0.00L  Adj.  RR=1.27  for  Model  5;  and  p=0.041,  Adj.  RR=1.16  for  Model  6). 
Age,  race,  body  fat,  and  family  history  of  diabetes  were  significant  covariates  in  each  of  the 
three  adjusted  analyses.  In  addition,  personality  type  was  a  significant  covariate  in  the  Model 
6  adjusted  analysis. 

Diabetic  Severity 

In  the  unadjusted  analysis  of  diabetic  severity,  the  overall  difference  between  Ranch 
Hands  and  Comparisons  was  marginally  significant  for  the  insulin  dependent  versus  normal 
contrast  (Table  18-5(a):  p=0.084,  Est.  RR=1.93).  Of  the  Ranch  Hands,  1.8  percent  were 
insulin  dependent  in  contrast  to  0.9  percent  for  Comparisons.  After  stratifying  the  analyses  by 
occupation,  the  contrast  was  again  marginally  significant  for  the  officer  category  where  2.7 
percent  of  the  Ranch  Hands  were  insulin  dependent  compared  to  only  1 .0  percent  of  the 
Comparisons  (p=0.057,  Est.  RR=2.86).  The  group  contrast  for  diet  only  versus  nondiabetics 
was  also  marginally  significant  for  officers  (p=0.098,  Est.  RR=2.07).  Relative  risks  for  the 
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Table  18-4. 

Analysis  of  Composite  Diabetes  Indicator 


a)  MODEL  1:  RANCH  HAM)S  VS.  COMPAWSONS  — ENA 


Occupatioiml 

Category 

Group 

n 

■■JSPercenf  " 

:  diabetic 

:  £st.  Relative  Risk 
(95%  CJ.) 

p-Value 

All 

Ranch  Hand 

949 

15.0 

1.08(0.85,1.37) 

0.576 

Comparison 

1,276 

14.0 

Officer 

Ranch  Hand 

365 

15.1 

1.36  (0.91,2.02) 

0.157 

Comparison 

502 

11.6 

Enlisted  Flyer 

Ranch  Hand 

162 

15.4 

0.84  (0.48,1.47) 

0.642 

Comparison 

202 

17.8 

Enlisted  Groundcrew 

Ranch  Hand 

422 

14.7 

0.99  (0.69,1.41) 

0.999 

Comparison 

572 

14.9 

b)  MODEL  ! 

:  RANCH  HANDS  yS. 

COMPARISONS  ^  ADJtJSTED 

Occupational 

Gategoiy 

Adj.  Relative  Risk 
(95%C.L) 

p-Value 

Covariate  Remarks^ 

All 

1.09  (0.84,1.41) 

0.504 

AGE(p<0.001) 

Officer 

1.30(0.85,1.97) 

0.223 

BEAT  (p< 0.001) 
OCC*RACE  (p =0.003) 

Enlisted  Flyer 

0.86  (0.47,1.59) 

0.630 

RACE*FAMDIAB  (p =0.039) 

Enlisted  Groundcrew 

1.04  (0.71,1.53) 

0.849 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  18-4.  (Continued) 

Analysis  of  Composite  Diabetes  Indicator 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  —  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Logj  (Mtial  Dioxin)^ 

Percent 

Estimated  Relative  Risk 

obiitial  Dioxin 

n 

Diabetic 

(95%  C.L)*’ 

p-Value 

Low 

173 

17.9 

1.01  (0.85,1.19) 

0.947 

Medium 

172 

18.0 

High 

173 

19.7 

d)  MODEL  2:  RANCH  HANDS  —  INIIIAL  DIOXIN  - 

ADJUSTED 

n 

Analysis  Results  for  Ldgz  Otoitihl  Dioxin)' 
AdJ.  Relative  Risk  (95%  C.L)*’  p-Value 

Covariate  Remarks 

506 

1.21  (0.98,1.50)**  0.075** 

INIT*OCC  (p =0.023) 

AGE  (p  <0.001) 
RACE  (p  =0.1 11) 
FAMDIAB  (p=0.016) 


®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

’’  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (initial  dioxin)-by-covariate  interaction  (0.01  <p <0.05);  adjusted  relative  risk,  confidence  interval,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  N-2-2  for 
further  analysis  of  this  interaction. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 

INIT  =  Log2  (initial  dioxin). 
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Table  18-4.  (Continued) 

Analysis  of  Composite  Diabetes  Indicator 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATE^RY 

—  UNADJUSTED 

Dioxiii  Cat^oiT 

n 

Percent 

Diabetic 

::  :£st.  Rdativc  ^sk 
{95%  C.h)^ 

p-Value 

Comparison 

1,059 

14.0 

Background  RH 

373 

11.3 

1.00  (0.69,1.47) 

0.988 

LowRH 

258 

19.0 

1.30  (0.90,1.89) 

0.165 

HighRH 

260 

18.1 

1.13  (0.77,1.65) 

0.523 

Low  plus  High  RH 

518 

18.5 

1.21  (0.90,1.63) 

0.197 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CAIEGORY  --  ADJUSTED 

Adi).  Rdative  Risk 

Dioxin  Category 

(9S%C.l.)^ 

p-Value 

Covariate  Ronarks 

Comparison 

1,044 

DXCAT*OCC  (p=0.031) 

AGE  (p<  0.001) 

Background  RH 

367 

0.94  (0.63,1.41)** 

0.774** 

RACE  (p  =0.062) 

FAMDIAB  (p<0.001) 

LowRH 

252 

1.21  (0.82,1.79)** 

0.340** 

HighRH 

254 

1.27(0.85,1.92)** 

0.243** 

Low  plus  High  RH 

506 

1.24(0.91,1.69)** 

0.174** 

^  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Categorized  dioxin-by-covariate  interaction  (0.01  <p<0.05);  adjusted  relative  risk,  confidence  interval,  and 
p-value  derived  firom  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  N-2-2  for 
further  analysis  of  this  interaction. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  ^  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  18-4.  (Continued) 

Analysis  of  Composite  Diabetes  Indicator 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  UNADJUSTED 

-  - 

Current  Dioxin  Category 
Percent  Diabetic/(n) 

Analysis  Restdts  for  1x^2 
(Curr^t  IMoxin  +  1) 

ModeE 

Low 

Medium 

High 

lit.  Rdative  Risk 

(95%  C.L)*’  p-Value 

4 

9.5 

(294) 

18.7 

(299) 

18.1 

(298) 

1.19  (1.05,1.34)  0.005 

5 

8.7 

(299) 

18.2 

(296) 

19.6 

(296) 

1.20(1.08,1.34)  <0.001 

6= 

8.7 

(298) 

18.2 

(296) 

19.6 

(296) 

1.12  (1.00,1.26)  0.050 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  — 

CURRENT  DIOXIN  —  ADJUSTED 

Analysis  Results  for  Ix)g2  (GuiTent  Dioxin  -^-1) 

Model* 

n 

Adj.  Relative  Risk 
(95%  C.L)’’ 

p-Value 

Covariate  Remarks 

4 

873 

1.26  (1.09,1.46) 

0.002 

AGE  (p  <0.001) 

RACE  (p =0.069) 

BEAT  (p<0.001) 

FAMDIAB  (p=0.004) 

5 

873 

1.27  (1.11,1.45) 

<0.001 

AGE  (p  <0.001) 

RACE  (p =0.059) 

BEAT  (p  <0.001) 

EAMDIAB  (p=0.005) 

6<' 

871 

1.16  (1.01,1.34) 

0.041 

AGE  (p<  0.001) 

RACE  (p =0.028) 

PERS  (p =0.147) 

BEAT  (p  <0.001) 

EAMDIAB  (p=0.005) 

®  Model  4:  Log2  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Logj  (whole-weight  current  dioxin  -t-  1). 

Model  6:  Logj  (whole-weight  current  dioxin  -1-  1),  adjusted  for  logj  total  lipids. 

**  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

'  Adjusted  for  logj  total  lipids. 

**  Adjusted  for  logj  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  ^  UNADJUSTED 
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Log2  (current  dioxin  +  l)-by-covariate  interaction  (p<0.01);  adjusted  relative  risk,  confidence  interval,  and  p-value  not  presented;  refer  to  Appendix 
Table  N-2-3  for  further  analysis  of  this  interaction. 


enlisted  flyer  and  groundcrew  categories  were  nonsignificant  (p>0.19).  After  adjusting  for 
age,  occupation,  family  history  of  diabetes,  and  the  body  fat-by-race  interaction,  a  marginally 
significant  positive  difference  between  Ranch  Hands  and  Comparisons  remained  in  the  officer 
stratum  for  the  insulin  dependent  category  (Table  18-5(b):  p=0.067,  Adj.  RR=2.77).  All  other 
adjusted  results  were  nonsignificant  (p>0.11). 

The  association  between  initial  dioxin  and  diabetic  severity  was  significant  for  the  oral 
hypoglycemic  category  in  the  imadjusted  Model  2  analysis  (Table  18-5(c):  p=0.032,  Est. 
RR=1.44).  Frequencies  showed  that  for  the  low,  medium,  and  high  categories  of  initial 
dioxin,  2.3  percent,  1.7  percent,  and  5.8  percent  of  Ranch  Hands  treated  their  diabetes  with 
oral  hypoglycemics.  Adjusting  for  covariate  information  showed  similar  results.  Significant 
covariates  in  Model  2  were  age  and  the  occupation-by-family  history  of  diabetes  and  body  fat- 
by-race  interactions.  Diabetic  severity  was  significantly  associated  with  initial  dioxin  for  the 
oral  hypoglycemic  category  (Table  18-5(d):  p=0.001,  Adj.  RR=2.37).  The  Model  3 
unadjusted  analysis  revealed  a  marginally  significant  positive  difference  between  high  Ranch 
Hands  and  Comparisons  for  the  oral  hypoglycemic  category  of  diabetic  severity  (Table 
18-5(e):  p=0.088,  Est.  RR=1.94).  For  Wgh  Ranch  Hands,  4.6  percent  used  oral 
hypoglycemics  compared  to  only  1.9  percent  of  the  Comparisons.  Also,  a  greater  percentage 
of  background  Ranch  Hands  were  insulin  dependent  (2.1  %)  in  contrast  to  the  Comparisons 
(1.1  %)  (p=0.086,  Est.  RR=2.24).  After  adjusting  for  age,  family  history  of  diabetes,  and  the 
body  fat-by-race  interaction,  the  difference  between  high  Ranch  Hands  and  Comparisons 
remained  significant  for  the  oral  hypoglycemic  category  (Table  18-5(f):  p=0.033,  Adj. 
rr=2.44),  although  the  contrast  between  backgroimd  Ranch  Hands  and  Comparisons  in  the 
insulin  dependent  category  became  nonsignificant  (p=0.126). 

In  the  Models  4  and  5  unadjusted  analyses,  a  significant  positive  association  with  current 
dioxin  was  disclosed  for  the  diet  only  category  of  diabetic  severity  (Table  18-5(g):  p=0.052, 
Est.  RR=1.27  for  Model  4  and  p=0.007,  Est.  RR=1.35)  for  Model  5.  For  the  low,  medium, 
and  high  categories  of  current  lipid-adjusted  dioxin,  1.4,  5.0,  and  3.7  percent  of  Ranch  Hands 
used  diet  alone  to  treat  their  diabetes.  For  the  current  whole-weight  dioxin  categories,  these 
percentages  were  1.0,  4.7,  and  4.4  respectively.  Also,  in  each  of  the  Model  4  through  Model 
6  unadjusted  analyses,  diabetic  severity  exhibited  a  highly  positive  significant  association  with 
current  dioxin  for  the  oral  hypoglycemic  category  (p<0.001,  Est.  RR=2.17  for  Model  4; 
p<0.001,  Est.  RR=2.12  for  Model  5;  p<0.001,  Est.  RR=2.06  for  Model  6).  The  percentages 
of  Ranch  Hands  using  oral  hypoglycemics  in  the  low,  medium,  and  high  current  lipid-adjusted 
dioxin  categories  were  0.0,  1.3,  and  4.4.  For  Models  5  and  6,  these  percentages  were  0.0, 

1 .4,  and  4.4.  Each  of  the  adjusted  analyses  for  Models  4,  5,  and  6  revealed  significant 
interactions  with  current  dioxin.  For  Models  4  and  5,  the  interaction  involved  occupation 
(Table  18-5(h):  p=0.046  for  Model  4,  p=0.028  for  Model  5)  whereas  for  Model  6  the 
interaction  involved  age  (p<0.001).  Appendix  Table  N-2-3  presents  ftirther  analyses  of  these 
interactions.  Highly  significant  positive  results  were  evident  for  Models  4  and  5  after 
removing  the  interactions  from  the  final  models  (supplemental  analysis  for  Model  6  was  not 
performed  due  to  the  significance  level  of  the  interaction  term).  The  diet  only  and  oral 
hypoglycemic  categories  of  diabetic  severity  were  each  significantly  associated  with  current 
dioxin  for  Models  4  and  5  (Model  4;  p=0.  007,  Adj.  RR=1.61  for  normal  vs.  diet  only  and 
p<0.001,  Adj.  RR=3.96  for  normal  vs.  oral  hypoglycemic;  Model  5:  p<0.001,  Adj.  RR=1.77 
for  normal  vs.  diet  only  and  p<0.001,  Adj.  RR=3.90  for  normal  vs.  oral  hypoglycemic). 
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Additional  covariates  significant  for  Models  4  and  5  were  age  and  the  body  fat-by-race  and 
body  fat-by-family  history  of  diabetes  interactions.  For  Model  6,  co variates  retained  were 
body  fat  and  family  history  of  diabetes. 

Time  to  Diabetes  Onset 

The  time  to  diabetes  onset  from  time  of  duty  in  SEA  did  not  differ  significantly  between 
Ranch  Hands  and  Comparisons  in  the  Model  1  unadjusted  and  adjusted  analyses  (Table 
18-6(a,b):  p>0.16  for  all  analyses).  The  significant  covariates  retained  in  the  adjusted 
analysis  were  age,  race,  occupation,  body  fat,  and  family  history  of  diabetes. 

The  association  between  time  to  diabetes  onset  and  initial  dioxin  was  not  significant  in 
the  Model  2  analyses  (Table  18-6(c,d):  p>0.29  for  the  imadjusted  and  adjusted  analyses). 

The  adjusted  analysis  retained  age,  race,  body  fat,  and  family  history  of  diabetes  as  significant 
covariates.  In  Model  3,  the  relationship  between  time  to  diabetes  onset  and  categorized  dioxin 
also  was  nonsignificant  (Table  18-6(e,f):  p>0.24  for  all  contrasts).  Age,  race,  and  family 
history  of  diabetes  were  retained  in  the  adjusted  analysis. 

A  significant  negative  association  between  time  to  diabetes  onset  and  current  dioxin  was 
shown  in  Models  4,  5,  and  6  (Table  18-6(g):  p=0.004  for  Model  4,  p=0.001  for  Model  5,  and 
p=0.026  for  Model  6).  The  time  to  diabetes  onset  from  time  of  duty  in  SEA  decreased  with 
an  increase  in  current  serum  dioxin  levels.  That  is.  Ranch  Hands  with  high  current  serum 
dioxin  levels  tended  to  develop  diabetes  sooner  after  time  of  duty  in  SEA  than  Ranch  Hands 
with  lower  serum  dioxin  levels.  After  adjusting  for  age,  race,  body  fat,  and  family  history  of 
diabetes,  the  inverse  association  remained  significant  for  Models  4,  5,  and  6  (Table  18-6(h): 
p=0.001,  p<0.001,  and  p=0.012  respectively). 

Physical  Examination  Variables 

Thyroid  Gland 

Less  than  one  percent  of  the  participants  analyzed  in  the  Model  1  and  Models  3-6 
analyses  were  found  to  have  an  abnormal  thyroid  gland  at  the  physical  examination; 
consequently,  these  models  employed  main  effects  only  and  interactions  between  candidate 
covariates  were  not  considered.  For  Model  2,  only  one  Ranch  Hand  with  a  lipid-adjusted 
initial  dioxin  level  greater  than  10  ppt  (241.5  ppt)  was  found  to  have  an  abnormal  thyroid 
gland;  consequently,  imadjusted  and  adjusted  analyses  were  not  performed. 

Significant  differences  between  Ranch  Hands  and  Comparisons  were  not  evident  from 
the  results  of  the  Model  1  unadjusted  analysis  of  thyroid  gland  (Table  18-7(a):  p>0.62  for  all 
analyses).  No  significant  covariates  were  retained  in  the  adjusted  analysis;  therefore,  the 
results  from  this  analysis  were  identical  to  those  of  the  unadjusted  analysis. 

In  the  Model  3  unadjusted  analysis  of  thyroid  gland,  no  significant  differences  were 
revealed  between  the  background,  high,  and  low  plus  high  Ranch  Hand  categories  and  the 
Comparison  group  (Table  18-7(e):  p>0.16  for  all  analyses).  In  the  low  Ranch  Hand 
category,  there  were  no  participants  with  an  abnormal  thyroid  gland.  The  results  of  the 
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Table  18-6. 

Analysis  of  Time  to  Diabetes  Onset  (years) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  UNADJUSTED 


Occupational  Category 

Group 

n 

Coefficient 
(Std.  Error)® 

p-Value** 

All 

Ranch  Hand 

950 

-0.0050  (0.0482) 

0.917 

Comparison 

1,277 

Officer 

Ranch  Hand 

365 

-0.0836  (0.0759) 

0.271 

Comparison 

502 

Enlisted  Flyer 

Ranch  Hand 

162 

0.1095  (0.1107) 

0.323 

Comparison 

203 

Enlisted  Groundcrew 

Ranch  Hand 

423 

0.0192  (0.0755) 

0.800 

Comparison 

572 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  ^  ADJUSTED 

Adj.  Coefficient 

Occupationad  Category 

Group 

(Std.  Error)® 

sp^^u^ 

:  Covariate  Remarks'^ 

All 

Ranch  Hand 

932 

0.0041 

0.935 

AGE  (p<0.001) 

Comparison 

1,259 

(0.0499) 

RACE  (p=0.051) 

OCC  (p=0.011) 

Officer 

Ranch  Hand 

359 

-0.0664 

0.400 

BFAT  ^<0.001) 

Comparison 

499 

(0.0790) 

FAMDIAB  (p< 0.001) 

Enlisted  Flyer 

Ranch  Hand 

159 

0.1638 

0.161 

Comparison 

198 

(0.1169) 

Enlisted  Groundcrew 

Ranch  Hand 

414 

0.0046 

0.953 

Comparison 

562 

(0.0774) 

^  Coefficient  and  standard  error  for  group  in  a  failure  time  analysis  model,  using  a  censored  Weibull 
distribution.  A  negative  coefficient  implies  that  the  time  to  diabetes  onset  is  shorter  for  Ranch  Hands  than  for 
Comparisons, 

^  P-value  based  on  the  group  coefficient  in  a  failure  time  analysis  model,  using  a  censored  Weibull  distribution. 
^  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  18-6.  (Continued) 

Analysis  of  Time  to  Diabetes  Onset  (years) 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXm  -- IJNADJUSTO 


Initial  Dioun  Cat^oiy  Summaty  Statistics 

:  Analysis  Results  for  Log2  (Initial  Dioxin)* 

Initial  Dioxin 

n 

Slope 

(Std.  Error)’’  p-Value 

Low 

173 

0.0017  (0.0309)  0.957 

Medium 

172 

High 

173 

d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  ADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Initial  Dioxin  n 

An^j^^ 

Adj.  Slope 
(Std.  Error)’* 

mits  for  Log 

Vsp-^lud'^^' 

2  (Initial  Dioxin)** 

Covajiate  Remarks 

Low 

171 

-0.0344  (0.0329) 

0.295 

AGE  (p  <0.001) 

Medium 

167 

RACE  (p =0.092) 

BEAT  (p =0.077) 

High 

168 

FAMDIAB  (p =0.029) 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Slope  and  standard  error  based  on  time  to  diabetes  onset  versus  log2  (initial  dioxin)  in  a  failure  time  analysis 
model,  using  a  censored  Weibull  distribution. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  18-6.  (Continued) 

Analysis  of  Time  to  Diabetes  Onset  (years) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  — 

UNADJUSTED 

IMoxin  Category 

n 

Codnd^t 
(Std,  Error)*** 

p-Value® 

Comparison 

1,059 

Background  RH 

■  374 

0.0477  (0.0741) 

0.520 

Low  RH 

258 

-0.0777  (0.0700) 

0.267 

High  RH 

260 

-0.0119(0.0711) 

0.867 

Low  plus  High  RH 

518 

-0.0443  (0.0559) 

0.428 

f)  MODEL  S: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  ADJUSTED 

Adj.  Coefficient 

Dioxin  Categoiy 

n 

(Std.  Error)*^ 

p-Value^ 

Covariate  Remarks 

Comparison 

1,044 

0.0908  (0.0785) 

0.247 

AGE  (p<  0.001) 

RACE  (p  =0.030) 
FAMDIAB  (p  <0.001) 

Background  RH 

368 

Low  RH 

252 

-0.0554  (0.0725) 

0.445 

High  RH 

254 

-0.0791  (0.0744) 

0.287 

Low  plus  High  RH 

506 

-0.0667  (0.0580) 

0.250 

*  Coefficient  and  standard  error  for  Ranch  Hand  versus  Comparison  contrast  in  a  failure  time  analysis  model, 
using  a  censored  Weibull  distribution.  A  negative  coefficient  implies  that  the  time  to  diabetes  onset  is  shorter 
for  ie  Ranch  Hand  category  than  for  Comparisons. 


**  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

P-value  based  on  the  Ranch  Hand  versus  Comparison  contrast  in  a  failure  time  analysis  model,  using  a 
censored  Weibull  distribution. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  " Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  18-6.  (Continued) 

Analysis  of  Time  to  Diabetes  Onset  (years) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  — 

CURRENT  DIOXIN  —  UNADJUSTED 

Current  Dioxin  Categoiy 

Analysis  Results  for  Logj 
^  Dioxin -b  1) 

(Current 

Low 

Medium 

High 

ModeP 

n 

n 

n 

,  Slope  CStd.  Error)** 

p-Value 

4 

295 

299 

298 

-0.0694  (0.0238) 

0.004 

5 

300 

296 

296 

-0.0734  (0.0216) 

0.001 

6" 

299 

296 

296 

-0.0506  (0.0228) 

0.026 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  —  -  ADJUSTED 


Model* 

Analysis  Results  for  Logj  CGurrent  Dioxin  +  ^  ^ 

Adj.  Slope 

CStd.  Error)^  p-Value  Govariate  Remarks 

4 

-0.0889  (0.0277) 

0.001 

AGE  (p<  0.001) 
RACE  (p =0.064) 
BEAT  (p  <0.001) 
FAMDIAB  (p =0.009) 

5 

-0.0925  (0.0251) 

<0.001 

AGE  (p <0.001) 
RACE  (p  =0.053) 
BEAT  (p  <0.001) 
EAMDIAB  (p =0.009) 

6“* 

-0.0663  (0.0263) 

0.012 

AGE  (p  <0.001) 
RACE  (p  =0.024) 
BEAT  (p  <0.001) 
EAMDIAB  (p =0.008) 

^  Model  4:  Logj  (lipid-adjusted  current  dioxin  -I-  1). 

Model  5:  Logj  (whole-weight  current  dioxin  •+•  1). 

Model  6:  Logj  (whole-weight  current  dioxin  -I-  1),  adjusted  for  log2  total  lipids. 

Slope  and  standard  error  based  on  time  to  diabetes  onset  versus  log2  (current  dioxin  1)  in  a  failure  time 
analysis  model,  using  a  censored  Weibull  distribution. 

'  Adjusted  for  log2  total  lipids. 

**  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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Table  18-7. 

Analysis  of  Thyroid  Gland 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  UNADJUSTED 


Occupational 

Category 

Group 

n  ^ 

Percent 

Abnormal 

:  Est.  Relative  Risk 
(95%  C.l.) 

P“Value 

All 

Ranch  Hand 

931 

0.5 

0.67  (0.23,1.95) 

0.628 

Comparison 

1,242 

0.8 

Officer 

Ranch  Hand 

357 

0.6 

0.90(0.15,5.41) 

0.999 

Comparison 

482 

0.6 

Enlisted  Flyer 

Ranch  Hand 

157 

0.0 

- 

~ 

Comparison 

198 

1.0 

Enlisted  Groimdcrew 

Ranch  Hand 

417 

0.7 

0.81  (0.19,3.40) 

0.999 

Comparison 

562 

0.9 

b)  MODEL  !  : 

RANCH  HANDS  VS. 

COMPARISONS 

-ADJUSTED 

Occupational 

Cat^ory 

Adj.  Relative  Risk 
(95%  C.L) 

p-Value 

Covariate  Remarks 

All 

0.67  (0.23,1.95) 

0.628 

Officer 

0.90  (0.15,5.41) 

0.999 

Enlisted  Flyer 

- 

- 

Enlisted  Groundcrew 

0.81  (0.19,3.40) 

0.999 

Relative  risk,  confidence  interval,  and  p-value  not  presented  due  to  the  sparse  number  of  abnormalities. 
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Table  18-7.  (Continued) 
Analysis  of  Thyroid  Gland 


c)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN  —  UNADJUSTED 


initial  Dioxin  Gategoty  Summary  Statistics 

Pa*cent 

Initial  Dioxin  n  Abnormal 


Analysis  Results  for  Logj  (Initial  Dioxin)^ 


Estimated  Relative  Risk 
(95%  C.I.)'’ 


Low 

170 

0.0 

- 

Medium 

171 

0.0 

- 

- 

High 

168 

0.6 

- 

-- 

d)  MODEL  2:  RANCH  HANDS -INmALM 

n 

Analysis  Results  for  Log2  (Initial  Dioxin)^^  ^  ^ 

Adj.  Relative  Risk  (95%  ^  Covariate  Remarks 

“  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

*’  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Sample  size,  relative  risk,  confidence  interval,  and  p-value  not  presented  due  to  the  sparse  number  of 
abnormalities. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  18-7.  (Continued) 
Analysis  of  Thyroid  Gland 


€)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


Dioxin  Category 

n 

Percent 

Abnormal 

Est.  Relative  Risk  ; 

:  ;  (9S%  C.L)*  ■ 

p-Value 

Comparison 

1,030 

0.9 

Background  RH 

365 

.  1.1 

1.23  (0.37,4.07) 

0.740 

Low  RH 

254 

0.0 

- 

- 

HighRH 

255 

0.4 

0.45  (0.06,3.61) 

0.453 

Low  plus  High  RH 

509 

0.2 

0.23  (0.03,1.81) 

0.162 

f)  MODEL  S: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  ADJUSTED 

Dioxin  Category 

n 

Adj.  Relative  Risk 

p-Value 

Covariate  Remarks 

Comparison 

1,030 

Background  RH 

365 

1.23  (0.37,4.07) 

0.740 

Low  RH 

254 

- 

- 

High  RH 

255 

0.45  (0.06,3.61) 

0.453 

Low  plus  High  RH 

509 

0.23  (0.03,1.81) 

0.162 

®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Relative  risk,  confidence  interval,  and  p-value  not  presented  due  to  the  sparse  number  of  abnormalities. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  ^  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  18-7.  (Continued) 
Analysis  of  Thyroid  Gland 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  —  CURRENT  DIOXIN  -  UNADJUSTED 


ModeP 

Low 

Current  Dioxin  Cat^ory 
Percent  Abnonnal/(n) 

High 

Analysis  Results  for  Logj 
(Current  Dioxin  -1-  1) 

Est.  R^tive  Risk 

(95%C.I.)'»  p-Value 

4 

1.0 

(290) 

0.3 

(291) 

0.3 

(293) 

0.67  (0.34,1.30) 

0.222 

5 

1.0 

(295) 

0.3 

(289) 

0.3 

(290) 

0.78  (0.48,1.26) 

0.332 

6' 

1.0 

(294) 

0.3 

(289) 

0.3 

(290) 

0.72  (0.44,1.18) 

0.219 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  ADJUSTED 


Analysis  Results  for  1^  (Cuirent  Dioxin  +  1) 

ModeP 

Adj.  Relative  Risk 
(95%  C.L)*’ 

p-Yalue 

Covariate  Remarks 

4 

873 

0.69(0.35,1.34) 

0.258 

PERS  (p=0.108) 

5 

873 

0.80  (0.49,1.29) 

0.372 

PERS  (p=0.104)  . 

6** 

872 

0.74  (0.44,1.23) 

0.265 

PERS  (p=0.116) 

®  Model  4:  Logj  (lipid-adjusted  current  dioxin  -1-1). 

Model  5:  Logj  (whole-weight  current  dioxin  -1-1). 

Model  6:  Log2  (whole-weight  current  dioxin  -f  1),  adjusted  for  log2  total  lipids. 

*’  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

Adjusted  for  log2  total  lipids. 

Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note;  Model  4;  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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Model  3  adjusted  analysis  of  thyroid  gland  duplicated  those  of  the  unadjusted  analysis  because 
no  covariates  were  retained. 

The  unadjusted  and  adjusted  analyses  of  Models  4,  5,  and  6  revealed  negative  but 
nonsignificant  associations  between  thyroid  gland  abnormality  and  current  dioxin  (Table 
18-7(g,h).''  p>0.21  for  all  analyses).  Personality  type  was  found  to  be  significant  in  each  of 
the  three  adjusted  analyses. 

Testicular  Volume:  Minimum 

In  the  rmadjusted  and  adjusted  Model  1  analyses  of  minimum  testicular  volume,  no 
significant  differences  were  foimd  to  exist  between  Ranch  Hands  and  Comparisons  (Table 
18-8(a,b):  p>0.69  for  all  analyses).  Significant  covariates  included  age,  race,  and  body  fat. 

Minimum  testicular  volume  was  not  significantly  associated  with  initial  dioxin  in  the 
unadjusted  Model  2  analysis  (Table  18-8(c);  p=0.551).  However,  in  the  adjusted  analysis, 
the  interaction  of  initial  dioxin  and  occupation  was  significant  (Table  18-8(d):  p=0.028)  and 
upon  deleting  this  interaction  from  the  final  model,  a  marginally  significant  negative  dioxin 
effect  remained  (p=0.080,  Slope=-0.3887).  The  results  from  analyzing  the  dioxin  levels 
separately  for  each  occupation  are  displayed  in  Appendix  Table  N-2-4.  The  minimum  volume 
of  the  testes  decreased  as  current  dioxin  increased.  In  addition,  initial  dioxin  was  significant 
after  removing  occupation  from  the  final  model  (Appendix  Table  N-3-4:  p=0.041).  No 
significant  results  were  revealed  in  either  the  imadjusted  or  adjusted  Model  3  analyses  of 
minimum  testicular  volume  (Table  18-8(e,f):  p>0.42  for  all  analyses).  Significant  covariates 
included  age  and  race  for  Model  2  and  age  and  the  race-by-body  fat  interaction  for  Model  3. 

For  Models  4,  5,  and  6,  the  unadjusted  analyses  of  minimum  testicular  volume  led  to 
nonsignificant  results  (Table  18-8(g):  p>0.46  for  all  analyses).  In  the  Model  4  adjusted 
analysis,  a  marginally  significant  negative  association  between  current  dioxin  and  minimum 
testicular  volume  was  detected  (Table  18-8(h):  p=0.080,  Slope=-0.2301).  No  significant 
association  with  current  dioxin  was  shown  in  the  Model  5  adjusted  analysis  (p=0.203), 
although  further  adjusting  for  total  lipids  led  to  a  significant  interaction  between  current 
dioxin  and  occupation  in  the  adjusted  analysis  for  Model  6  (p=0.034).  Appendix  Table  N-2-4 
presents  the  results  from  further  investigation  of  current  dioxin  stratified  by  occupation.  A 
negative  relationship  of  marginal  significance  between  minimum  testicular  volume  and  current 
dioxin  was  found  upon  removing  the  interaction  from  the  final  model  (p=0.075,  Slope= 

-0.241 1).  Age  and  race  were  significant  in  each  of  the  three  current  dioxin  adjusted  analyses. 

Testicular  Volume:  Total 

The  unadjusted  and  adjusted  Model  1  analyses  of  total  testicular  volume  revealed  no 
significant  group  effect  (Table  18-9(a,b);  p>0.60  for  all  analyses).  Significant  covariates 
included  age,  race,  and  body  fat. 

In  the  Model  2  and  3  unadjusted  analyses,  total  testicular  volume  was  not  significantly 
associated  with  dioxin  (Table  18-9(c,e):  p>0.52  for  all  analyses).  The  adjusted  Model  2 
analysis  revealed  a  significant  interaction  between  initial  dioxin  and  occupation 
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Table  18-8. 

Analysis  of  Testicular  Volume:  Minimum  (cm^) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


Occupational. 

Category 

Group 

n 

Mean 

DiHeroice  of  Means 
(95%  C.L) 

p-Value 

All 

Ranch  Hand 

937 

15.94 

0.03(-0.43,0.50) 

0.887 

Comparison 

1,270 

15.90 

Officer 

Ranch  Hand 

360 

15.72 

0.09  (-0.66,0.84) 

0.814 

Comparison 

497 

15.63 

Enlisted  Flyer 

Ranch  Hand 

161 

15.80 

-0.09  (-1.23,1.05) 

0.877 

Comparison 

202 

15.89 

Enlisted  Groimdcrew 

Ranch  Hand 

416 

16.17 

0.03  (-0.65,0.71) 

0.929 

Comparison 

571 

16.14 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 


Occupational 

Cat^oiy 

Group 

Adj. 

Mean 

IMfferen^ 

Means  (95%  CX) 

p^alue 

Govariate  Remarks’ 

All 

Ranch  Hand 

937 

15.07 

0.07  (-0.39,0.52) 

0.769 

AGE(p<0.001) 

Comparison 

1,270 

15.00 

RACE  (p <0.001) 

Officer 

Ranch  Hand 

360 

15.20 

0.15  (-0.59,0.88) 

0.694 

BFAT  (p=0.135) 

Comparison 

497 

15.05 

Enlisted  Flyer 

Ranch  Hand 

161 

15.18 

-0.06  (-1.17,1.06) 

0.923 

Comparison 

202 

15.24 

Enlisted 

Ranch  Hand 

416 

14.95 

0.04  (-0.64,0.73) 

0.901 

Groundcrew 

Comparison 

571 

14.91 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  18-8.  (Continued) 

Analysis  of  Testicular  Volume:  Minimum  (cm^) 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Logj  (Initial  Dioxin)^ 

Initial  Dioxin 

n 

Mean 

Adj. 

Mean^ 

R^ 

Slope 

(Std.  Error) 

p-Value 

Low 

172 

15.33 

15.31 

0.001 

-0.1166  (0.1954) 

0.551 

Medium 

170 

16.74 

16.74 

High 

171 

15.64 

15.65 

d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 


Initial  Dioxin  Cat^ory  Summary 
Statistics 

Adj. 


Analysis  Results  for  Logj  Hnitial  Dioxin)^ 
A4j.  Hope 


Initial  Dioxin 

n 

Mean*’ 

(Std.  Errprl^^"^;^ 

Covariate  Remarks 

Low 

172 

14.61** 

0.063 

-0.3887  (0.2218)**  0.080** 

INIT*OCC  (p =0.028) 

Medium 

170 

15.81** 

AGE  (p  <0.001) 
RACE  (p =0.004) 

High 

171 

14.33** 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log,  (initial  dioxin)-by-covariate  interaction  (0.01  <p<0.05);  adjusted  mean,  adjusted  slope,  standard  error, 
and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  N-2-4 
for  further  analysis  of  this  interaction. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 


18-62 


Table  18-8.  (Continued) 

Analysis  of  of  Testicular  Volume:  Minimum  (cm^) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-UNADJUSTED 

Dioxin  Category 

n 

Mean 

Adj. 

Mean® 

DifFeraice  of  Adj. 
Mean  vs.  Ctmiparisons 
(95%  C.I.) 

p-Value 

Comparison 

1,057 

15.90 

15.90 

Background  RH 

368 

15.90 

15.91 

0.01  (-0.64,0.66) 

0.973 

LowRH 

256 

15.85 

15.86 

-0.05  (-0.79,0.70) 

0.901 

HighRH 

257 

15.95 

15.93 

0.02  (-0.72,0.77) 

0.950 

Low  plus  High  RH 

513 

15.90 

15.89 

-0.01  (-0.59,0.57) 

0.968 

f)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  ADJUSTED 

Dioxin  Cat^ory 

n 

Adj. 

Mean’’ 

Difference  of  Adj. 
Mean  vs.  Comparisons 
(95%  C.I.) 

p-Value 

Covariate  Remarks 

Comparison 

1,057 

15.11 

AGE  (p <0.001) 
RACE*BFAT  (p=0.042) 

Background  RH 

368 

15.27 

0.16  (-0.49,0.80) 

0.634 

Low  RH 

256 

15.24 

0.13  (-0.61,0.87) 

0.734 

High  RH 

257 

14.81 

-0.30  (-1.05,0.44) 

0.423 

Low  plus  High  RH 

513 

15.04 

-0.09  (-0.66,0.48) 

0.767 

“  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


**  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  18-8.  (Continued) 

Analysis  of  Testicular  Volume:  Minimum  (cm^) 


g)  MODELS  4,  5,  AND  6;  RANCH  HANDS  —  CURRENT  DIOXIN  -  UNADJUSTED 


-  . 

Current  Dioxin  Cat^oiy 
Mean/(n) 

Analysis  Results  for  Logj 
(Current  Dioxin  +  1) 

ModeP 

Low 

Medium 

High 

R* 

Slope 

(Std.  Error) 

p-Value 

4 

16.01 

(292) 

15.67 

(294) 

16.02 

(295) 

<0.001 

-0.0782  (0.1307) 

0.550 

5 

15.71 

(297) 

15.91 

(292) 

16.07 

(292) 

<0.001 

-0.0285  (0.1122) 

0.799 

6” 

15.79 

(296) 

15.92 

(292) 

16.00 

(292) 

0.002 

-0.0880  (0.1211) 

0.467 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN 


Current  Dioxin  Category 
Adjusted  Mean/(n) 

Analysis  Results  for  Log: 

(Current  Dioxin -h  1) 

ModeF 

Low 

Medium 

High 

R^ 

Adj.  Slope 
(Std.  Error) 

p- Value 

Covariate  Remarks 

4 

15.08 

(292) 

14.90 

(294) 

14.65 

(295) 

0.040 

-0.2301 

(0.1312) 

0.080 

AGE  (p<  0.001) 

RACE  (p  =0.004) 

5 

14.74 

(297) 

15.10 

(292) 

14.70 

(292) 

0.039 

-0.1428 

(0.1121) 

0.203 

AGE  (p<  0.001) 

RACE  (p  =0.004) 

6*= 

14.90** 

(296) 

15.18** 

(292) 

14.72** 

(292) 

0.049 

-0.2411 

(0.1352)** 

0.075** 

CURR*OCC  (p =0.034) 
AGE  (p <0.001) 

RACE  (p =0.004) 

*  Model  4:  Log:  (lipid-adjusted  current  dioxin  -1-  1). 

Model  5:  Log:  (whole-weight  current  dioxin  -1-1). 

Model  6:  Log:  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

**  Adjusted  for  log:  total  lipids. 

Adjusted  for  log:  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log:  (current  dioxin  +  l)-by-covariate  interaction  (0.01  <p<0.05);  adjusted  mean,  adjusted  slope,  standard 
error,  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table 
N-2-4  for  further  analysis  of  this  interaction. 

Note:  Model  4:  Low  =  <8.1  ppt;  Medium  =  >8.1-20.5  ppf;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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Table  18-9. 

Analysis  of  Testicular  Volume:  Total  (cm’) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


Occupational . 

Category 

Group 

n 

Mean” 

Difference  of  Means 
(95%C.I.)’’ 

p-Value' 

All 

Ranch  Hand 

937 

33.90 

-0.14  - 

0.766 

Comparison 

1,270 

34.04 

Officer 

Ranch  Hand 

360 

33.40 

-0.36  - 

0.639 

Comparison 

497 

33.76 

Enlisted  Flyer 

Ranch  Hand 

161 

33.86 

-0.59  - 

0.611 

Comparison 

202 

34.45 

Enlisted  Groundcrew 

Ranch  Hand 

416 

34.35 

0.21  - 

0.753 

Comparison 

571 

34.13 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 


Occupational  Adj .  Difference  of  Adj . 


Category 

^WH:GrbUp::>.v 

n 

Mean”: : 

Means  (95%  C.I.)^ 

p^Value*^ 

Covariate  Remaiits^ 

All 

Ranch  Hand 

937 

32.08 

-0.07- 

0.872 

AGE  (p  <0.001) 

Comparison 

1,270 

32.15 

RACE  (p  <0.001) 

Officer 

Ranch  Hand 

360 

32.23 

-0.25  - 

0.730 

BFAT  (p  =0.103) 

Comparison 

497 

32.48 

Enlisted  Flyer 

Ranch  Hand 

161 

32.52 

-0.51  - 

0.642 

Comparison 

202 

33.04 

Enlisted 

Ranch  Hand 

416 

31.90 

0.23  ~ 

0.727 

Groundcrew 

Comparison 

571 

31.67 

^  Transfonned  from  the  square  root  scale. 


^  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
given  because  analysis  was  performed  on  square  root  scale. 

^  P-values  based  on  difference  of  means  on  square  root  scale. 

^  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  18-9.  (Continued) 

Analysis  of  Analysis  of  Testicular  Volume:  Total  (cm^) 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Cat^ory  Summary  Statistics 

Analysis  Results  for  Logj  (Initial  Dioxin)^ 

Initial  Dioxin 

n 

Mean® 

Adj. 

Mean* 

R^ 

Slope 

(SM.  Error)* 

p-Value 

Low 

172 

32.87 

32.86 

0.001 

-0.0202  (0.0329) 

0.540 

Medium 

170 

35.01 

35.02 

High 

171 

33.35 

33.35 

d)  MODEL  2:  RANCH  HANDS  ^  INITIAL  DIOXIN  ^  ADJUSTED 


Initial  Dioxin  Category  Summary 
Statistics 


Initial  Dioxin 

n 

Adj. 

Mean* 

le 

Low 

172 

32.28** 

0.078 

Medium 

170 

33.74** 

High 

171 

31.30** 

Aneiiysis  Results  for  Log^  (Initial  Dioxin)^* 


Adj.  Slope 

(Std.  Error)*  p-Value  Covariate  Remarks 

-0.0708(0.0374)**  0.059**  1NIT*0CC  (p= 0.024) 

RACE  (p=0.004) 
AGE*OCC  (p =0.041) 


^  Transformed  from  square  root  scale. 

*’  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

*  Slope  and  standard  error  based  on  square  root  of  total  testicular  volume  versus  log2  (initial  dioxin). 

**  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (initial  dioxin)-by-covariate  interaction  (0.01  <p <0.05);  adjusted  mean,  adjusted  slope,  standard  error, 
and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  N-2-5 
for  frrther  analysis  of  this  interaction. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  18-9.  (Continued) 

Analysis  of  Testicular  Volume:  Total  (cm^) 


€)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  UNADJUSTED 


Dioxin  Categoiy 

Mean® 

Adj. 

Mean* 

Differ^ce  of  Adj. 

Mean  y$.  Comparisons 
(95%  CJ.)'^ 

p-Value^ 

Comparison 

1,057 

34.08 

34.08 

Background  RH 

368 

33.93 

33.96 

-0.12  - 

0.857 

LowRH 

256 

33.73 

33.74 

-0.34  - 

0.653 

High  RH 

257 

33.74 

33.69 

-0.39  - 

0.601 

Low  plus  High  RH 

513 

33.73 

33.72 

-0.36  - 

0.529 

f)  MODEL  3;  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJ^ 

Difference  of  Adj. 


Dioxin  Category 

n 

Adj. 

Meaii®® 

Mean  vs.  Comparisons 

p-Valiie^ 

Govjuii^  Remarks 

Comparison 

1,057 

32.45 

AGE  (p <0.001) 

RACE  (p =0.001) 

Background  RH 

368 

32.60 

0.15  - 

0.818 

LowRH 

256 

32.50 

0.05  - 

0.945 

High  RH 

257 

31.51 

-0.94  - 

0.194 

Low  plus  High  RH 

513 

32.03 

-0.42  - 

0.427 

^  Transformed  from  square  root  scale. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Difference  of  adjusted  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of 
adjusted  means  not  given  because  analysis  was  performed  on  square  root  scale. 

^  P-value  is  based  on  difference  of  means  on  square  root  scale. 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Co variate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  Initial  Dioxin  >  143  ppt. 
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Table  18-9.  (Continued) 

Analysis  of  Testicular  Volume:  Total  (cm^) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  UNADJUSTED 


-  - 

Current  Dioxin  Cat^ory 
Mean“/(n) 

Analysis  Results  for  Log2 
(Currrait  Dioxin  +  1) 

Low 

Medium 

High 

R* 

Slope 

(Std.  Error)' 

p^Value 

4 

34.09 

(292) 

33.48 

(294) 

33.88 

(295) 

0.001 

-0.0175  (0.0220) 

0.426 

5 

33.61 

(297) 

33.86 

(292) 

33.99 

(292) 

<0.001 

-0.0094  (0.0189) 

0.618 

6<^ 

33.75 

(296) 

33.88 

(292) 

33.85 

(292) 

0.002 

-0.0194  (0.0204) 

0.341 

^MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURSENT  DIOXIN  -  ADJUSTED 


Model*’ 

Current  Dioxin  Category 
Adjusted  Mean“/(n) 

Low  Medium  High 

R^ 

Ainaiysis  Results  for  Log^ 

(Current  Dioxin  -t-  1) 

Adj.  Slope 

(Std.  Error)'  p-Value  Covariate  Remarks 

4 

32.34 

32.04 

31.28 

0.041 

-0.0432 

0.051 

AGE  (p<  0.001) 

(292) 

(294) 

(295) 

(0.0221) 

RACE  (p =0.005) 

5 

31.79 

32.35 

31.38 

0.039 

-0.0288 

0.128 

AGE(p<0.001) 

(297) 

(292) 

(292) 

(0.0189) 

RACE  (p=0.005) 

6' 

32.05 

32.43 

31.24 

0.042 

-0.0424 

0.039 

AGE  (p<  0.001) 

(296) 

(292) 

(292) 

(0.0205) 

RACE  (p =0.007) 

®  Transformed  from  square  root  scale. 

**  Model  4:  Logj  (lipid-adjusted  current  dioxin  -f  1). 

Model  5:  Log2  (whole-weight  current  dioxin  -I-  1). 

Model  6:  Log2  (whole-weight  current  dioxin  -I-  1),  adjusted  for  log2  total  lipids. 

Slope  and  standard  error  based  on  square  root  of  total  testicular  volume  versus  log2  (current  dioxin  -I-  1). 
Adjusted  for  log2  total  lipids. 

®  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note;  Model  4:  Low  =  <8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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(Table  18-9(d):  p=0.024).  Appendix  Table  N-2-5  presents  detailed  results  of  this  interaction. 
In  removing  this  interaction  from  the  final  model,  a  marginally  significant  initial  dioxin  effect 
was  revealed  (Table  18-9(d):  p=0.059,  Slope=-0.0708).  The  total  volxime  of  the  testes 
decreased  as  current  dioxin  increased.  Also,  a  significant  association  with  initial  dioxin  was 
seen  after  removing  occupation  from  the  final  model  (Appendix  Table  N-3-5:  p=0.032).  In 
the  adjusted  analysis  of  Model  3,  significant  associations  between  total  testicular  volume  and 
categorized  dioxin  were  not  detected  (Table  18-9(f);  p>0.19  for  all  contrasts). 

No  significant  relationship  between  total  testicular  volume  and  current  dioxin  was 
revealed  in  any  of  the  Model  4,  5,  and  6  xmadjusted  analyses  (Table  18-9(g):  p>0.34  for  all 
analyses).  The  Model  4  adjusted  analysis  revealed  a  marginally  significant  negative 
association  with  current  dioxin  (Table  18-9(h):  p=0.051,  Slope=-0.0432).  Although  the 
results  of  the  Model  5  adjusted  analysis  were  nonsignificant  (p=0.128),  a  significant  negative 
association  between  total  testicular  volume  and  current  dioxin  was  seen  in  the  Model  6 
adjusted  analysis  (p=0.039,  Slope=-0.0424).  Age  and  race  were  covariates  retained  in  all 
three  current  dioxin  adjusted  analyses. 

Retinopathy  Results  (Diabetics) 

No  significant  results  were  revealed  in  the  Model  1  unadjusted  analysis  of  retinopathy 
restricted  to  diabetics  (Table  18- 10(a):  p>0!47  for  all  analyses).  The  adjusted  analysis 
revealed  a  significant  interaction  between  group  and  personality  type  (Table  18- 10(b): 
p=0.018).  Results  of  this  interaction  stratified  by  personality  type  are  shown  in  Appendix 
Table  N-2-6.  Subsequent  analysis  with  the  interaction  deleted  from  the  final  model  did  not 
reveal  significant  differences  between  Ranch  Hands  and  Comparisons  (Table  18- 10(b): 
p>0.62  for  all  contrasts).  Covariates  retained  in  the  adjusted  analysis  included  family  history 
of  diabetes,  diabetic  severity,  and  the  personality  type-by-body  fat  interaction. 

The  Model  2  unadjusted  analysis  of  retinopathy  in  diabetics  did  not  reveal  a  significant 
association  with  initial  dioxin  (Table  18- 10(c):  p=0.144).  Only  five  Ranch  Hands  (one  with 
low  initial  dioxin  and  four  with  high  initial  dioxin  levels)  had  retinopathy.  This  sparse 
number  precluded  meaningful  adjusted  analyses.  Therefore,  the  adjusted  relative  risk, 
confidence  interval,  and  p-value  are  not  presented. 

For  Model  3,  imadjusted  and  adjusted  analyses  did  not  reveal  any  statistically  significant 
associations  between  retinopathy  and  categorized  dioxin  in  diabetics  (Table  18-10(e,f): 
p>0.15  for  all  contrasts).  Personality  type,  family  history  of  diabetes,  and  diabetic  severity 
were  significant  covariates. 

In  the  Model  4  imadjusted  analysis,  a  marginally  significant  positive  association  between 
retinopathy  and  current  lipid-adjusted  dioxin  was  detected  (Table  18-10(g):  p=0.076,  Est. 
RR=1.51).  The  low  and  medium  current  dioxin  categories  contained  3.7  and  3.6  percent 
retinal’  abnormalities,  whereas  the  high  category  contained  7.4  percent.  After  adjusting  for 
personality  type,  body  fat,  family  history  of  diabetes,  and  diabetic  severity,  the  relationship 
between  current  dioxin  and  retinopathy  remained  marginally  significarit  (Table  18- 10(h): 
p=0.066,  Adj.  RR=1.64).  The  Model  5  unadjusted  analysis  showed  a  marginally  significant 
positive  association  with  current  whole- weight  dioxin  (Table  18- 10(g):  p=0.088,  Est. 
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Table  18-10. 

Analysis  of  Retinopathy  Results  (Diabetics) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


Occupational  Cat^ory 

Group 

n 

Percent 

Abnormal 

Est.  Relative  Risk 
(95%  C.I.) 

p-Value 

All 

Ranch  Hand 

141 

5.0 

1.81  (0.56,5.82) 

0.479 

Comparison 

178 

2.8 

Officer 

Ranch  Hand 

54 

3.7 

1.06(0.14,7.79) 

0.999 

Comparison 

57 

3.5 

Enlisted  Flyer 

Ranch  Hand 

25 

12.0 

- 

- 

Comparison 

36 

0.0 

Enlisted  Groundcrew 

Ranch  Hand 

62 

3.2 

0.91  (0.15,5.62) 

0.999 

Comparison 

85 

3.5 

:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Occupational  Category 

Adj.  Relative  Risk 

:  p^Value 

Covariate  Remarks® 

All 

1.42  (0.35,5.79)** 

0.623** 

GROUP*PERS  (p =0.018) 

Officer 

0.72  (0.07,7.47)** 

0.787** 

FAMDIAB  (p=0.018) 
DIABSEV  (p <0.001) 

Enlisted  Flyer 

- 

- 

PERS*BFAT  (p =0.024) 

Enlisted  Grotmdcrew 

0.67  (0.08,5.63)** 

0.710** 

^  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 


**  Group-by-covariate  interaction  (0.01  <p<0.05);  adjusted  relative  risk,  confidence  interval,  and  p-value 
derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  N-2-6  for  further 
analysis  of  this  interaction. 

— :  Relative  risk,  confidence  interval,  and  p-value  not  presented  due  to  the  sparse  number  of  abnormalities. 


18-70 


Table  18-10.  (Continued) 

Analysis  of  Retinopathy  Results  (Diabetics) 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  —  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Analysis  Reaiite  for  Logj  (Initial  Dioxin)^ 

Initial  Dioxin 

n 

Percent 

Abnormal 

Estimated  Relative  Risk 
(95%C.L)'' 

p-Value 

Low 

31 

3.2 

1.59  (0.88,2.88) 

0.144 

Medium 

31 

0.0 

High 

34 

11.8 

d)  MODEL  2:  RANCH  HANDS  --  INITIAL  DIOXIN  ^ 

4DJySTED 

Analysis  Results  for  Log2  (Initial  Dioxin)^ 

n  Adj.  Relative  Risk  (95%  G.!.)**  p^Value  Covariate  Remarks 


®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Sample  size,  adjusted  relative  risk,  confidence  interval,  and  p-value  not  presented  due  to  the  sparse 
number  of  abnormalities. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  18-10.  (Continued) 

Analysis  of  Retinopathy  Results  (Diabetics) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  UNADJUSTED 


Dioxin  Category 

n 

Percent 

iy)nomial 

Est.  Relative  Risk 
"  (95%  C.!.)** 

p-Value 

Comparison 

147 

2.7 

Background  RH 

41 

4.9 

1.87  (0.32,11.09) 

0.490 

LowRH 

49 

2.0 

0.65  (0.07,6.03) 

0.702 

HighRH 

47 

8.5 

2.92  (0.67,12.80) 

0.155 

Low  plus  High  RH 

96 

5.2 

1.68  (0.42,6.66) 

0.460 

f)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

Dioxin  Category 

n 

Adj.  Relative  Risk 
/  ’(95%:GX^^ 

p-Value 

Govariate  Roraarte 

Comparison 

146 

PERS  (p=0.027) 

FAMDIAB  (p =0.007) 

Background  RH 

38 

1.99  (0.25,15.93) 

0.515 

DIABSEV  (p <0.001) 

Low  RH 

48 

0.57  (0.05,6.79) 

0.660 

HighRH 

46 

2.66  (0.43,16.38) 

0.292 

Low  plus  High  RH 

94 

1.46  (0.28,7.74) 

0.654 

®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

**  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  18-10.  (Continued) 

Analysis  of  Retinopathy  Results  (Diabetics) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  UNADJUSTED 


-  - 

Current  Dioxin  Cat^ory 
Percent  iAbnomiai/(n) 

Analysis  Results  for  Log2 
(Current  Bioxin  +  1) 

ModeP 

Low 

Medium 

High 

Est^  Relative  Risk 
(95%  C.!.)" 

p-Value 

4 

3.7 

(27) 

3.6 

(56) 

7.4 

(54) 

1.51  (0.97,2.36) 

0.076 

5 

4.0 

(25) 

1.9 

(54) 

8.6 

(58) 

1.43  (0.95,2.15) 

0.088 

6' 

4.0 

(25) 

1.9 

(54) 

8.6 

(58) 

1.47  (0.93,2.31) 

0.103 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  —  ADJUSTED 


Analysis  Results  for  Log2  (Current  Dioxin  +  1) 

MmSeP 

n 

Adj.  Rdative  Risk 
(95%C.L)'’ 

p-Value 

Covariate  Remarks 

4 

132 

1.64(0.93,2.88) 

0.066 

PERS  (p=0.001) 

BEAT  (p =0.098) 

FAMDIAB  (p =0.010) 

DIABSEV  (p< 0.001) 

5 

132 

1.53  (0.91,2.57) 

0.079 

PERS  (p=0.001) 

BEAT  (p=0.101) 

EAMDIAB  (p=0.013) 

DIABSEV  (p =0.001) 

6** 

132 

1.62(0.93,2.83) 

0.067 

PERS  (p=0.001) 

BEAT  (p=0.099) 

EAMDIAB  (p =0.011) 

DIABSEV  (p =0.001) 

^  Model  4:  Log2  (lipid-adjusted  current  dioxin  -1-  1). 

Model  5:  Log2  (whole-weight  current  dioxin  -t-  1). 

Model  6;  Log2  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 


**  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

®  Adjusted  for  log2  total  lipids. 

^  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  .=  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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RR=1.43).  The  tracheotomized  levels  of  current  dioxin  revealed  abnormality  in  4.0  percent  of 
the  Ranch  Hands  in  the  low  category,  1.9  percent  in  the  medium  category,  and  8.6  percent  in 
the  high  category.  A  marginally  significant  positive  relationship  between  current  dioxin  and 
retinopathy  remained  in  the  Model  5  adjusted  analysis  (Table  18- 10(h):  p=0.079,  Adj. 
RR=1.53).  Although  no  significant  results  were  obtained  in  the  unadjusted  analysis  for  Model 
6  (Table  1-8-1 0(g):  p=0.103),  adjusting  for  covariates  led  to  a  positive  association  of  marginal 
significance  between  retinopathy  and  current  dioxin  (Table  18-1 0(h):  p=0.067,  Adj. 

RR=1.62).  Personality  type,  body  fat,  family  history  of  diabetes,  and  diabetic  severity  were 
retained  in  both  the  Model  5  and  6  adjusted  analyses.  When  body  fat  was  removed  from  the 
adjusted  analyses  of  Models  4,  5,  and  6,  the  association  between  current  dioxin  and 
retinopathy  became  nonsignificant  (Appendix  Table  N-3-6:  p>0.18  for  each  model). 

Neuropathy  Results  (Diabetics) 

Although  no  significant  overall  difference  between  Ranch  Hands  and  Comparisons  was 
evident  from  the  Model  1  unadjusted  analysis  of  diabetics  (Table  18-1 1(a):  p=0.150), 
stratification  across  occupation  revealed  a  marginally  significant  difference  between  the  two 
groups  in  the  enlisted  groundcrew  category  (p=0.076,  Est.  RR=3.44),  where  14.5  percent  of 
the  diabetic  Ranch  Hands  and  4.7  percent  of  the  diabetic  Comparisons  had  neuropathy.  After 
adjusting  for  age,  race,  occupation,  and  diabetic  severity,  the  difference  between  the  two 
groups  in  the  enlisted  groimdcrew  category  remained  marginally  significant  (Table  18-1 1(b): 
p=0.098,  Adj.  RR=3.38).  The  overall  adjusted  contrast  and  the  contrasts  involving  officers 
and  enlisted  flyers  were  nonsignificant  (p>0.42). 

Unadjusted  and  adjusted  Model  2  analyses  of  neuropathy  in  diabetics  did  not  reveal  a 
significant  association  with  initial  dioxin  (Table  18-ll(c,d):  p>0.42  for  both  analyses). 
Diabetic  severity  was  the  only  significant  covariate  in  the  adjusted  model.  In  addition, 
although  the  percentage  of  high  Ranch  Hands  with  neuropathy  was  greater  than  that  of  the 
Comparisons  (17.0%  vs.  7.4%),  no  significant  results  were  shown  in  the  Model  3  unadjusted 
analysis  (Table  18-1 1(e):  p>0.11  for  all  contrasts).  However,  after  adjusting  for  ^e,  race, 
diabetic  severity,  and  the  personality  type-by-body  fat  interaction,  results  became  significant 
for  diabetic  Ranch  Hands  in  the  high  category  (Table  18-1 1(f):  p=0.076,  Adj.  RR=3.23). 
When  body  fat  was  removed  from  the  final  model,  the  difference  between  the  high  Ranch 
Hand  category  and  the  Comparisons  became  nonsignificant  (Table  N-3-7(a):  p=0.131). 

None  of  the  Model  4  through  6  analyses  detected  any  significant  associations  between 
current  dioxin  and  neuropathy  in  diabetics  (Table  18-ll(g,h):  p>0.32  for  all  analyses). 
Covariates  retained  in  each  of  the  adjusted  analyses  included  occupation  and  four  covariate- 
by-co variate  interactions:  age-by-race,  age-by-personality  tj^e,  body  fat-by-diabetic  severity, 
and  family  history  of  diabetes-by-diabetic  severity. 

Radial  Pulses  (Doppler)  (Diabetics) 

The  sparse  number  of  diabetic  participants  with  abnormal  radial  pulses  (one  Ranch 
Hand  and  two  Comparisons)  prevented  meaningful  adjusted  analyses  for  Models  1  through  6. 
Consequently,  relative  risks,  confidence  intervals,  and  p-values  are  not  presented.  Unadjusted 
analyses  were  performed  for  all  models  except  Model  2,  where  there  was  only  one  Ranch 
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Table  18-11. 

Analysis  of  Neuropathy  Results  (Diabetics) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Occupational  Cat^ory 

Group 

n 

Percait 

Abnormai 

Est.  Relative  Risk 
(95%  C.I.) 

p-Value 

All 

Ranch  Hand 

142 

12.0 

1.89  (0.87,4.11) 

0.150 

Comparison 

179 

6.7 

Officer 

Ranch  Hand 

55 

9.1 

1.83  (0.42,8.07) 

0.656 

Comparison 

58 

5.2 

Enlisted  Flyer 

Ranch  Hand 

25 

12.0 

0.85  (0.18,3.91) 

0.999 

Comparison 

36 

13.9 

Enlisted  Groimdcrew 

Ranch  Hand 

62 

14.5 

3.44  (1.01,11.74) 

0.076 

Comparison 

85 

4.7 

b)  MODEL! 

:  RANCH  HANDS  VS. 

COMPARISONS  —  ADJUSTED 

Adj.  Relative  Risk 

Occupational  Category 

(95%  C.I.) 

p-Value 

Covariate  Remarks^ 

All 

1.45  (0.58,3.59) 

0.425 

AGE  (p=0.001) 

Officer 

1.02  (0.18,5.80) 

0.984 

RACE  (p =0.146) 

OCC  (p =0.057) 

Enlisted  Flyer 

0.52  (0.09,3.14) 

0.474 

DIABSEV  (p <0.001) 

Enlisted  Groundcrew 

3.38  (0.80,14.30) 

0.098 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  18-11.  (Continued) 

Analysis  of  Neuropathy  Results  (Diabetics) 


c)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Logj  (Initial  Dioxinf 

Percent 

Estimated  Rdative  Risk 

Initial  Dioxin 

n 

Abnormal 

(95%  C.!.)** 

p-Value 

Low 

31 

3.2 

1.20  (0.77,1.87) 

0.421 

Medium 

31 

12.9 

High 

34 

17.6 

d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 
Analysis  Results  for  Log2  (Initial  Dioxin)*^ 

n  Adj.  Relative  Risk  (95%  C.I.)** _ p-Valne _ Covariate  Remarks 

96 _ 1.20  (0.72,1.99) _ 0.476 _ DIABSEV  (p  =0.002) 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covaiiates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  18-11.  (Continued) 

Analysis  of  Neuropathy  Results  (Diabetics) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

UNADJUSTED 

Dioxin  Cat^oiy 

n 

Percent 

Abnormal 

Est.  Relative  Risk 
(95%  C.L)"^ 

p-Value 

Comparison 

148 

7.4 

Background  RH 

42 

14.3 

2.26  (0.74,6.86) 

0.151 

LowRH 

49 

6.1 

0.68  (0.18,2.61) 

0.570 

High  RH 

47 

17.0 

2.30  (0.82,6.47) 

0.115 

Low  plus  High  RH 

96 

11.5 

1.37  (0.55,3.42) 

0.502 

f)  MODEL  3;  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  ADJUSTED 


Dioxin  Category 

n 

Adj.  Relative  Risk 

(95%C.L)“ 

p- Value 

Covariate  Ronarks 

Comparison 

148 

AGE  (p =0.013) 

RACE  (p =0.009) 

Background  RH 

42 

2.04  (0.49,8.50) 

0.329 

DIABSEV  (p  <0.001) 
PERS*BFAT  (p =0.030) 

Low  RH 

49 

0.35  (0.07,1.81) 

0.210 

HighRH 

47 

3.23  (0.89,11.77) 

0.076 

Low  plus  High  RH 

96 

1.22  (0.41,3.64) 

0.721 

®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  firom  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  ^  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  18-11.  (Continued) 

Analysis  of  Neuropathy  Results  (Diabetics) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  —  CURRENT  DIOXIN  -  UNADJUSTED 


-  . 

Current  Diojdn  Cat^ory 
Percent  Abnonnal/(n) 

Analysis  Results  for  1x^2 
(Curroit  Dioxin  +  1) 

Model^ 

Low 

Medium 

High 

Est.  Relative  Risk 
(95%  CX)** 

p-Value 

4 

17.9 

(28) 

3.6 

(56) 

18.5 

(54) 

1.14  (0.83,1.57) 

0.424 

5 

19.2 

(26) 

5.6 

(54) 

15.5 

(58) 

1.09(0.83,1.44) 

0.535 

6= 

19.2 

(26) 

5.6 

(54) 

15.5 

(58) 

1.17  (0.85,1.61) 

0.321 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  —  CURRENT  DlOXlN  -  ADJUSTED 


Analysis  Results  for  Log2  (Current  Dioxin  +  1) 

Model^ 

n 

Adj.  Relative  Risk 
(95%  CX)** 

p-Valu€ 

Covariate  Remarks 

4 

133 

1.01  (0.65,1.56) 

0.973 

OCC  (p =0.079) 

AGE*RACE  (p=0.048) 

AGE*PERS  (p=0.014) 
BFAT*DIABSEV  (p=0.006) 
FAMD1AB*DIABSEV  (p  =0.010) 

5 

133 

1.00  (0.70,1.43) 

0.995 

OCC.  (p  =0.066) 

AGE*RACE  (p=0.048) 

AGE*PERS  (p=0.014) 
FAMDIAB*D1ABSEV  (p =0.010) 
BFAT*D1ABSEV  (p =0.006) 

6^“ 

133 

1.13  (0.73,1.74) 

0.572 

OCC  (p =0.129) 

AGE*RACE  (p=0.043) 

AGE*PERS  (p=0.016) 
FAMDIAB*DIABSEV  (p =0.006) 
BFAT*DIABSEV  (p =0.005) 

“  Model  4:  Log2  (lipid-adjusted  current  dioxin  -1-1). 

Model  5:  Log2  (whole-weight  current  dioxin  -t-  1). 

Model  6:  Log2  (whole-weight  current  dioxin  -f  1),  adjusted  for  log2  total  lipids. 

Relative  risk  for  a  twofold  increase  in  current  dioxin. 

Adjusted  for  log2  total  lipids. 

**  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note;  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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Hand  with  abnormal  radial  pulses.  The  unadjusted  Model  1  analysis  did  not  show  any 
significant  differences  between  Ranch  Hands  and  Comparisons  (Table  18-12(a):  p>0.84  for 
all  contrasts).  No  significant  differences  were  revealed  between  any  of  the  Ranch  Hand 
categories  and  the  Comparison  group  in  the  Model  3  unadjusted  analysis  (Table  18-12(e); 
p>0.26  for  all  analyses).  For  Models  4  through  6,  the  unadjusted  analyses  did  not  show  any 
significant  associations  between  current  dioxin  and  radial  pulses  (Table  18-12(g):  p>0.27  for 
all  analyses). 

Femoral  Pulses  (Doppler)  (Diabetics) 

The  Model  1  unadjusted  analysis  of  femoral  pulses  on  diabetics  did  not  reveal  overall  or 
stratified  differences  between  Ranch  Hands  and  Comparisons  (Table  18-13(a):  p>0.48  for  all 
analyses).  Likewise,  adjusting  for  diabetic  severity  and  current  cigarette  smoking  did  not 
show  a  significant  group  effect  in  the  adjusted  analysis  (Table  18- 13(b):  p>0.53  for  all 
contrasts).  Neither  the  unadjusted  nor  the  adjusted  analyses  for  Models  2  and  3  detected  a 
significant  association  between  femoral  pulses  and  dioxin  (Table  18-13(c-f):  p>0.21  for  all 
analyses).  The  Model  2  adjusted  analysis  retained  diabetic  severity  only,  whereas,  in  the 
Model  3  adjusted  analysis,  current  cigarette  smoking  also  was  significant.  For  Models  4 
through  6,  the  unadjusted  and  adjusted  analyses  of  femoral  pulses  showed  no  significant 
association  with  current  dioxin  (Table  18-13(g,h):  p>0.57  for  all  analyses).  Diabetic  severity 
was  the  only  covariate  retained  in  each  adjusted  analysis. 

Popliteal  Pulses  (Doppler)  (Diabetics) 

No  significant  group  differences  were  obtained  in  either  the  imadjusted  or  adjusted 
analyses  of  popliteal  pulses  restricted  to  diabetics  (Table  18-14(a,b):  p>0.11  for  all  analyses). 
Diabetic  severity  and  current  cigarette  smoking  were  retained  in  the  adjusted  analysis.  The 
relationship  between  initial  or  categorized  dioxin  and  popliteal  pulses  was  determined  to  be 
nonsignificant  in  the  unadjusted  and  adjusted  analyses  for  Models  2  and  3  (Table  18-14(c-f): 
p>0.13  for  all  analyses).  Significant  covariates  retained  in  each  of  the  adjusted  analyses 
included  current  cigarette  smoking  and  age.  Diabetic  severity  was  significant  in  the  adjusted 
analysis  for  Model  2.  Results  of  the  Models  4,  5,  and  6  vmadjusted  and  adjusted  analyses  are 
presented  in  Table  18-14(g,h).  No  significant  current  dioxin  effect  was  revealed  in  any  of 
these  analyses  (p>0.64  for  all  analyses).  In  each  of  the  adjusted  analyses,  diabetic  severity 
was  significant. 

Dorsalis  Pedis  Pulses  (Doppler)  (Diabetics) 

Overall  and  stratified  contrasts  for  Ranch  Hands  versus  Comparisons  were  not  significant 
in  the  Model  1  analyses  of  dorsalis  pedis  pulses  restricted  to  diabetics  (Table  18-15(a,b): 
p>0.31  for  all  contrasts).  Age,  body  fat,  and  lifetime  alcohol  history  were  significant  in  the 
adjusted  analysis. 

The  relationship  between  dorsalis  pedis  pulses  and  initial  dioxin  in  diabetics  was  not 
significant  in  either  the  unadjusted  or  adjusted  Model  2  analyses  (Table  18-15(c,d):  p>0.35). 
Significant  covariates  included  family  history  of  diabetes,  lifetime  alcohol  history,  high 
density  lipoprotein,  and  family  history  of  heart  disease. 
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Table  18-12. 

Analysis  of  Radial  Pulses  (Doppler)  (Diabetics) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 

-  UNADJUSTED 

Occupational  Category 

Group 

fl 

Percent 

Abnormal 

Est.  Relative  Risk 
(95%  C.I.) 

p- Value 

All 

Ranch  Hand 

142 

1.4 

2.54  (0.23,28.33) 

0.840 

Comparison 

179 

0.6 

Officer 

Ranch  Hand 

55 

1.8 

1.06  (0.06,17.30) 

0.999 

Comparison 

58 

1.7 

Enlisted  Flyer 

Ranch  Hand 

25 

0.0 

- 

- 

Comparison 

36 

0.0 

Enlisted  Groundcrew 

Ranch  Hand 

62 

1.6 

Comparison 

85 

0.0 

b)  MODEL  1;  m  VS.  GOMPASISONS  -  ADJUSTED 


Occupational  Category 

Adj.  Relative  Risk 
(95%  C.I.) 

p-Value 

Covariate  Remarks® 

All 

- 

- 

Officer 

- 

- 

Enlisted  Flyer 

- 

Enlisted  Groundcrew 

- 

^  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
Relative  risk,  confidence  interval,  and  p-value  not  presented  due  to  the  sparse  number  of  abnormalities. 
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Table  18-12.  (Continued) 

Analysis  of  Radial  Pulses  (Doppler)  (Diabetics) 


c)  MODEL  2:  RANCH  HANDS  -  INIHAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Categoty  Sununaiy  Statistics 
Initial  Dioxin  n 


Po’cent 

Abnormai 


Analysis  Resnlts  for  Logj  (biitial  Dioxin) 

Estimated  Relative  Risk 

(95%  €.1.)“  p-Value 


Low 

31 

3.2 

- 

— 

Medium 

31 

0.0 

High 

34 

0.0 

d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  - 

-  ADJUSTED 

n 

Analysis  Results  for  Log2  (Initial  Dioxin) 

Adj.  Relative  Risk  (95%  C.I.)®  p-Value 

Covariate  Remarks 

®  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Sample  size,  relative  risk,  confidence  interval,  and  p-value  not  presented  due  to  the  sparse  number  of 
abnormalities. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  18-12.  (Continued) 

Analysis  of  Radial  Pulses  (Doppler)  (Diabetics) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  — 

UNADJUSTED 

Dioxin  Category 

n 

Percent 

Abnormal 

Est.  Relative  Risk 
(95%  C.L)=* 

p-Value 

Comparison 

148 

0.7 

Background  RH 

42 

2.4 

5.19(0.23,96.2) 

0.267 

LowRH 

49 

2.0 

2.48  (0.14,44.0) 

0.533 

HighRH 

47 

0.0 

- 

- 

Low  plus  High  RH 

96 

1.0 

1.14  (0.06,20.91) 

0.932 

f)mOmL3: 

RANCH  hands  AND  COMPAM  BY  DIOXIN  CATEGORY  —  ADJUSTED 

Dioxin  Category 

n 

Adj.  Relative  lUsk  > 
(95%C.L)*  p-Value 

Covariate  Remarks 

Comparison 

Background  RH 

Low  RH 

- 

- 

HighRH 

Low  plus  High  RH 

— 

_ 

^  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


**  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

— :  Sample  size,  relative  risk,  confidence  interval,  and  p-value  not  presented  due  to  the  sparse  number  of 

abnormalities. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  ^  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 


18-82 


Table  18-12.  (Continued) 

Analysis  of  Radial  Pulses  (Doppler)  (Diabetics) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  UNADJUSTED 


Model^ 

Current  Dioxin  Cat^ory 

Percent  Abnonnal/(n) 

Low  Medium  Sgh 

Analysis  Resutte  for  Log; 

(Current  Dioxin  -1-  1) 

Est.  Rdative  Risk 

(95%  C,!.)"  p-Value 

4 

3.6 

1.8 

0.0 

0.58(0.22,1.53) 

0.271 

(28) 

(56) 

(54) 

5 

3.8 

1.9 

0.0 

0.71  (0.38,1.30) 

0.307 

(26) 

(54) 

(58) 

6" 

3.8 

1.9 

0.0 

0.78  (0.37,1.61) 

0.515 

(26) 

(54) 

(58) 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  - 

CURRENT  MOXIN  -  ADJUSTED 

Analysis  Results  for  Log 

2  (Current  Dioxin  +  1) 

Adj .  Relative  Risk 

Model" 

n 

(95%  C.L)'’ 

p-Value 

Covariate  Remarks 

4 

5 

6 

“ 

®  Model  4:  Log2  (lipid-adjusted  current  dioxin  4-  1). 

Model  5:  Log2  (whole-weight  current  dioxin  +  1). 

Model  6:  Log2  (whole-weight  current  dioxin  -1-1),  adjusted  for  log,  total  lipids. 


Relative  risk  for  a  twofold  increase  in  current  dioxin. 

Adjusted  for  log2  total  lipids. 

Sample  size,  relative  risk,  confidence  interval,  and  p-value  not  presented  due  to  the  sparse  number  of 
abnormalities. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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Table  18-13. 


Analysis  of  Femoral  Pulses  (Doppler)  (Diabetics) 

a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  UNADJUSTED 

Occupational  Cat^ory 

Group 

n 

Percent 

Abnormal 

Est.  Relative  Risk 
(95%  C.I.) 

p-Value 

All 

Ranch  Hand 

142 

4.2 

1.93  (0.53,6.98) 

0.486 

Comparison 

179 

2.2 

Officer 

Ranch  Hand 

55 

7.3 

- 

“ 

Comparison 

58 

0.0 

Enlisted  Flyer 

Ranch  Hand 

25 

4.0 

0.71  (0.06,8.26) 

0.999 

Comparison 

36 

5.6 

Enlisted  Groundcrew 

Ranch  Hand 

62 

1.6 

0.68  (0.06,7.68) 

0.999 

Comparison 

85 

2.4 

b)  MODEL  1;  HANDS  YS.  COMPARISONS  -  ADJUSTED 


Occupadonai  Category 

Adj.  Relative  Risk 
(95%C.L) 

All 

1.53  (0.40,5.91) 

0.533 

DIABSEV  (p=0.262) 
CSMOK  (p=0.032) 

Officer 

— 

Enlisted  Flyer 

0.58  (0.04,7.72) 

0.680 

Enlisted  Groundcrew 

0.70  (0.06,8.25) 

0.775 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 


Relative  risk,  confidence  interval,  and  p-value  not  presented  due  to  the  sparse  number  of  abnormalities. 
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Table  18-13.  (Continued) 

Analysis  of  Femoral  Pulses  (Doppler)  (Diabetics) 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  --  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Percent 


Analysis  Resuite  for  Log2  (Initial  Dioxin)^ 
Estimated  Relative  Risk 


Mtial  Dioxin 

n 

Abnormal 

(95%  €.!.)•» 

p-Value 

Low 

31 

6.5 

0.73  (0.34,1.55) 

0.377 

Medium 

31 

3.2 

High 

34 

2.9 

d)  MODEL  2;  RANCH  HANDS  -  INITIAL  DIOXIN -- ADJUSTED 
n  AdJ.  Relative  Risk  <95%  C.!.)**  p-Value 

96 _ 0.73  (0.34,1.57) _ 0.399 _ DIABSEV  (p=0.718) 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  ^te  of  the  blood  draw  for  dioxin. 

Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  18-13.  (Continued) 

Analysis  of  Femoral  Pulses  (Doppler)  (Diabetics) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


Dioxin  Category 

..  :n  - 

Perc«it 

Abnormal 

:v  ■:  Est.  Relative'  Risk'  vv  1:1 

ll'-  ;  j95%  C.L)"^.  .I-  ;-: 

jp-Value 

Comparison 

148 

2.0 

Background  RH 

42 

2.4 

1.29  (0.12,13.36) 

0.833 

Low  RH 

49 

6.1 

2.77  (0.53,14.56) 

0.228 

HighRH 

47 

2.1 

0.82  (0.08,8.89) 

0.872 

Low  plus  High  RH 

96 

4.2 

1.80  (0.38,8.56) 

0.458 

f)  MODEL  S: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  ADJUSTED 

Adj.  Relative  Risk 

Dioxin  Category 

p-Yalue 

Comparison 

148 

DIABSEV  (p=0.704) 

CSMOK  (p=0.006) 

Background  RH 

42 

1.25  (0.11,13.91) 

0.857 

Low  RH 

49 

2.93  (0.53,16.20) 

0.217 

HighRH 

47 

0.45  (0.03,6.25) 

0.554 

Low  plus  High  RH 

96 

1.49  (0.30,7.41) 

0.627 

“  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  18-13.  (Continued) 

Analysis  of  Femoral  Pulses  (Doppler)  (Diabetics) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  —  CURRENT  DIOXIN  -  UNADJUSTED 


;M^eP'| 

Current  Dioxin  Cat^ory 

Percent  Abnonnaiy(n) 

Low  Medium  High 

Analysis  Results  for  Logj 
(Curroit  Dioxin  +  1) 

Est.  Rdatire  Risk 

(95%C.I.)'’  p-Valne 

4 

3.6 

5.4 

1.9 

0.90  (0.49,1.63) 

0.715 

(28) 

(56) 

(54) 

5 

3.8 

3.7 

3.4 

0.98  (0.61,1.60). 

0.950 

(26) 

(54) 

(58) 

6^ 

3.8 

3.7 

3.4 

0.86  (0.50,1.50) 

0.606 

(26) 

(54) 

(58) 

h)  MODELS  4,  5v  AND  6:  RANCH  Hands  -  CURRENT  DIOXIN  --  ADJUSTED 


Analysis  Results  for  Log2  (Current  Dioxin  +  1) 

Adj.  Relative  Risk 

Model^ 

n 

<95%  C.L)'> 

p-Value 

4 

138 

0.89  (0.51,1.55) 

0.674 

DIABSEV  (p=0.424) 

5 

138 

0.98  (0.63,1.51) 

0.911 

DIABSEV  (p=0.437) 

6“ 

138 

0.87  (0.52,1.44) 

0.579 

DIABSEV  (p =0.453) 

^  Model  4:  Log2  (lipid-adjusted  current  dioxin  +1). 

Model  5:  Log2  (whole-weight  current  dioxin  4-  1). 

Model  6:  Ix»g2  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

^  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

Adjusted  for  log2  total  lipids. 

^  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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Table  18-14. 

Analysis  of  Popliteal  Pulses  (Doppler)  (Diabetics) 


a)  MODEL  1:  RANCH  HANDS  VS. 

COMPARISONS 

-  UNADJUSTED 

Occupational  Category 

Group 

n 

:  Percent 
Abnormal 

Est.  Relative  Risk 
(95%C.I.) 

p-Value 

All 

Ranch  Hand 

142 

6.3 

2.96  (0.89,9.82) 

0.117 

Comparison 

179 

2.2 

Officer 

Ranch  Hand 

55 

10.9 

— 

~ 

Comparison 

58 

0.0 

Enlisted  Flyer 

Ranch  Hand 

25 

4.0 

0.71  (0.06,8.26) 

0.999 

Comparison 

36 

5.6 

Enlisted  Groundcrew 

Ranch  Hand 

62 

3.2 

1.38  (0.19,10.10) 

0.999 

Comparison 

85 

2.4 

b)  MODEL  ! 

:  RANCH  HANDS  VS. 

1 

i 

-ADJUSTED 

Adj.  Relative  Risk 

Occupational  Category 

(95%C.L) 

p-Value 

Covariate  Remarks® 

All 

Officer 

2.28  (0.65,8.03) 

0.189 

DIABSEV  (p  =0.153) 
CSMOK  (p=0.015) 

— 

— 

Enlisted  Flyer 

0.47  (0.03,6.39) 

0.572 

Enlisted  Groundcrew 

1.31  (0.17,10.31) 

0.799 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 


Relative  risk,  confidence  interval,  and  p-value  not  presented  due  to  the  sparse  number  of  abnormalities. 
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Table  18-14.  (Continued) 

Analysis  of  Popliteal  Pulses  (Doppler)  (Diabetics) 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


biitial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Logi  (Initial  Dioxin)^ 

Percent 

Estimated  Relative  Risk 

Initial  Dioxin 

n 

Abnormal 

(95%  C.!.)” 

p-Value 

Low 

31 

6.5 

0.90(0.52,1.56) 

0.699 

Medium 

31 

9.7 

High 

34 

5.9 

d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  - 

ADJUSTED 

Analysis  Results  for  Logj  (Initial  Dioxin)^  : 

:  :.n  ■ 

Adj.  Relative  Risk  {95%  C.I.)*’  p-Value 

Covariate  Remarks 

96 

0.89  (0.45,1.77)  0.732 

AGE  (p=0.125) 
DIABSEV  (p =0.075) 
CSMOK  (p=0.029) 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  18-14.  (Continued) 

Analysis  of  Popliteal  Pulses  (Doppler)  (Diabetics) 


€)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


IMoxin  Category 

n 

Percent 

Abnormal 

Est.  Relative  Risk 
(95%  C.!.)** 

p-Value 

Comparison 

148 

2.7 

Background  RH 

42 

2.4 

0.86  (0.09,8.21) 

0.897 

Low  RH 

49 

6.1 

2.10  (0.45,9.88) 

0.348 

High  RH 

47 

8.5 

3.04  (0.70,13.15) 

0.137 

Low  plus  High  RH 

96 

7.3 

2.54  (0.71,9.12) 

0.154 

D  model  3  : 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

Dioxin  Categoiy 

n 

Adj.  Relative  Risk 
(95%  CJ.)“= 

p-Value 

Covariate  Remarks 

Comparison 

Background  RH 

148 

42 

0.45  (0.04,5.58) 

0.530 

DIABSEV  (p =0.177) 

AGE  (p =0.023) 

CSMOK  (p<0.001) 

Low  RH 

49 

1.50  (0.28,7.97) 

0.632 

High  RH 

47 

2.62  (0.53,12.91) 

0.235 

Low  plus  High  RH 

96 

1.99  (0.52,7.62) 

0.317 

Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  ^  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  18-14.  (Continued) 

Analysis  of  Popliteal  Pulses  (Doppler)  (Diabetics) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CUIURENT  DIOXIN  -  UNADJUSTED 


Current  Dioxin  Category 

Percent  AbnonnaI/(n) 

(Current  Dioxin  +  1) 

Est.  Relative  Risk 

sModeP;;:: 

Low 

Medioin 

High 

:  (95%-C.L)’» 

p-Vaiiue 

4 

3.6 

5.4 

7.4 

1.02  (0.65,1.62) 

0.920 

(28) 

(56) 

(54) 

5 

3.8 

3.7 

8.6 

1.09(0.74,1.61) 

0.647 

(26) 

(54) 

(58) 

6' 

3.8 

3.7 

8.6 

0.97  (0.62,1.51) 

0.884 

(26) 

(54) 

(58) 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS- 

CURRENT  DIOXIN  —  ADJUSTED 

Analysis  Results  for  L<^2  (Current  Dioxin  +  1) 

ModeP 

n 

Adj.  Relative  Risk 
(95%  C.I.)*' 

p-Value 

Covariate  Remarks 

4 

138 

0.97  (0.65,1.45) 

0;878 

DIABSEV  (p =0.019) 

5 

138 

1.04  (0.74,1.45) 

0.821 

DIABSEV  (p =0.021) 

6‘“ 

138 

0.93  (0.63,1.37) 

0.712 

DIABSEV  (p =0.021) 

“  Model  4;  Log2  (lipid-adjusted  current  dioxin  -I-  1). 

Model  5:  Log2  (whole-weight  current  dioxin  +  1). 

Model  6:  Log2  (whole-weight  current  dioxin  -I-  1),  adjusted  for  log2  total  lipids. 


Relative  risk  for  a  twofold  increase  in  current  dioxin. 

Adjusted  for  log2  total  lipids. 

Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  ^  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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Table  18-15. 

Analysis  of  Dorsalis  Pedis  Pulses  (Doppler)  (Diabetics) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  UNADJUSTED 


Occupational  Category 

Group 

n 

Percoit 

Abnormal 

Est.  Relative  Risk 
(95%  C.I.) 

p-Value 

All 

Ranch  Hand 

142 

16.9 

1.45  (0.78,2.71) 

0.312 

Comparison 

179 

12.3 

Officer 

Ranch  Hand 

55 

18.2 

1.62  (0.57,4.61) 

0.519 

Comparison 

58 

12.1 

Enlisted  Flyer 

Ranch  Hand 

25 

12.0 

0.68  (0.15,3.03) 

0.890 

Comparison 

36 

16.7 

Enlisted  Groundcrew 

Ranch  Hand 

62 

17.7 

1.82  (0.70,4.71) 

0.315 

Comparison 

85 

10.6 

RANCH  HANDS  VS.  ( 

0OMPAR15kXNS  — ADJUSTED 

Occupational  Cat^dry 

;:;Ad 

Reladye  Risk^^^ 

■:;-:-:v':-:COTar 

late  Remarks® 

All 

1.16  (0.59,2.30) 

0.668 

AGE(p=0.011) 
BEAT  (p=0.051) 

Officer 

1.33  (0.44,4.07) 

0.616 

DIABSEV  (p =0.2 19) 

Enlisted  Flyer 

0.62  (0.13,2.92) 

0.543 

DRKYR  (p =0.022) 

Enlisted  Groundcrew 

1.42  (0.49,4.07) 

0.515 

^  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 


I 
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Table  18-15.  (Continued) 

Analysis  of  Dorsalis  Pedis  Pulses  (Doppler)  (Diabetics) 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dio^  Categoiy  Summary  Statistics 


Initial  Dioxin 


Percent 

Abnormal 


Analysis  Results  for  Log2  (Initial  IXoxin)^ 

p-Value 


Estimated  Rdatire  Risk 
(95%  CX)” 


Low 

Medium 

High 


31 

31 

34 


9.7 

19.4 

23.5 


1.19(0.83,1.70) 


0.351 


d)  M(>DEL  2:  RAN(:H  HANDS  — INI^^ 

ADJUSTED 

Analysis  Results  for  Lbgf  (Initial  Dioxin)^ 

n 

Adij.  Rdative  Risk  (95%  C  I.)*’  ^ 

CoTariate  Remarks 

88 

1.20(0.76,1.89)  0.448 

FAMDIAB  (p =0.138) 
DIABSEV  (p=0.159) 
DRKYR  (p=0.113) 

HDL  (p=0.083) 

HRTDIS  (p=0.075) 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  colunm. 

Note;  Low  =  39-98  ppt;  Medium  =  >  98-232  ppt;  High  =  >  232  ppt. 
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Table  18-15.  (Continued) 

Analysis  of  Dorsalis  Pedis  Pulses  (Doppler)  (Diabetics) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


Dioxiii  Category 

n 

Percent 

Abnormal 

.  £st.  Relative  Risk 
(95%  C.L)** 

p-Value 

Comparison 

148 

12.8 

Background  RH 

42 

.  14.3 

0.96  (0.34,2.70) 

0.932 

LowRH 

49 

10.2 

0.65  (0.22,1.89) 

0.425 

High  RH 

47 

25.5 

2.36  (0.99,5.59) 

0.052 

Low  plus  High  RH 

96 

17.7 

1.32  (0.63,2.77) 

0.461 

f)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

Adj.  Relative  Risk 

Dioxin  Category 

n 

(95%  C  ; 

p-Yailue 

Comparison 

145 

0.57  (0.17,1.89) 

0.354 

AGE  (p =0.042) 

DIABSEV  (p =0.336) 

DRKYR  (p=0.027) 

Background  RH 

42 

Low  RH 

47 

0.39  (0.11,1.34) 

0.133 

HighRH 

46 

2.73  (1.11,6.72) 

0.029 

Low  plus  High  RH 

93 

1.21  (0.56,2.62) 

0.631 

“  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

**  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  18-15.  (Continued) 

Analysis  of  Dorsalis  Pedis  Pulses  (Doppler)  (Diabetics) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  —  CURRENT  DIOXIN  -  UNADJUSTED 


-  . 

Current  Dioxin  Cat^ory 
Percent  Abnonnal/(n) 

An^ysis  Results  for  Log2 
(Current  Dioxin  +  1) 

ModeP 

Low 

Medium 

High 

Relative  RisJt 
(95%C.L)'’ 

p-Value 

4 

■ 

8.9 

(56) 

1.10(0.83,1.46) 

0.522 

5 

■ 

7.4 

(54) 

1.07  (0.84,1.36) 

0.605 

6<= 

19.2 

(26) 

7.4 

(54) 

24.1 

(58) 

1.04  (0.78,1.37) 

0.807 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  —  ADJUSTED 


Model® 

Analysis  Results  for  Logj  (Current  Dioxin  +  1) 

Adj.  Relative  Risk 

Covariate  Remarks 

4 

133 

1.33  (0.90,1.74) 

0.183  DIABSEV  (p =0.011) 

DRKYR  (p =0.016) 

5 

133 

****  CURR*PACKYR  (p=0.007) 

DIABSEV  (p =0.044) 

DRKYR  (p=0. 107) 

HRTDIS  (p=0.064) 
CHOL(p=0.127) 

6"^ 

133 

****  CURR*PACKYR  (p=0.008) 

DIABSEV  (p =0.065) 

DRKYR  (p =0.101) 

HRTDIS  (p =0.066) 
CHOL(p=0.115) 

®  Model  4:  Log2  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Log2  (whole-weight  current  dioxin  -h  1). 

Model  6:  Log2  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

*’  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

‘  Adjusted  for  log2  total  lipids. 

^  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

****  Log2  (current  dioxin  -I-  l)-by-covariate  interaction  (p<0.01);  adjusted  relative  risk,  confidence  interval, 
and  p-value  not  presented;  refer  to  Appendix  Table  N-2-7  for  further  analysis  of  this  interaction. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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For  Model  3,  the  percentage  of  diabetic  Ranch  Hands  in  the  high  category  with  abnormal 
dorsalis  pedis  pulses  was  significantly  greater  than  that  of  the  Comparisons  (Table  18- 15(e): 
25.5%  vs.  12.8%,  p=0.052,  Est.  RR=2.36).  The  difference  remained  significant  after 
adjusting  for  age,  diabetic  severity,  and  lifetime  alcohol  history  (Table  18-15(f):  p=0.029, 

Adj.  RR=2.73).  Contrasts  between  the  background,  low,  and  low  plus  high  Ranch  Hands  and 
the  Comparison  group  were  nonsignificant  in  both  the  imadjusted  and  adjusted  analyses  (Table 
18-15(e,f):  p>0.13). 

Neither  the  Model  4  unadjusted  nor  the  adjusted  analysis  of  diabetics  detected  a 
significant  association  between  dorsalis  pedis  pulses  and  current  dioxin  (Table  18-15(g,h): 
p>0.18  for  both  analyses).  Lifetime  histories  of  cigarette  smoking  and  alcohol  use  as  well  as 
family  history  of  heart  disease  were  significant  covariates.  In  the  Model  5  and  6  unadjusted 
analyses,  the  current  dioxin  effect  was  nonsignificant  (Table  18-15(g):  p>0.60  for  both 
analyses).  The  interaction  of  current  dioxin  and  lifetime  cigarette  smoking  was  significant  in 
both  the  Model  5  and  6  adjusted  analyses  (Table  18-15:  p=0.007  for  Model  5  and  p=0.008 
for  Model  6).  Appendix  Table  N-2-7  shows  the  results  stratified  by  smoking  history  for  these 
interactions.  The  association  between  current  dioxin  and  dorsalis  pedis  pulses  was  marginally 
significant  for  Ranch  Hands  who  never  smoked  (Appendix  Table  N-2-7(a,b):  p=0.081,  Adj. 
RR=2.33  for  Model  5  and  p=0.098,  Adj.  RR=2.25,  for  Model  6)  but  was  nonsignificant  when 
cholesterol  was  removed  from  the  final  model  (Table  N-4-l(a,b):  p=0.121  for  Model  5  and 
p=0.134  for  Model  6).  For  both  Models  5  and  6,  significant  covariates  were  diabetic  severity, 
lifetime  alcohol  history,  family  history  of  heart  disease,  and  cholesterol. 

Posterior  Tibial  Pulses  (Doppler)  (Diabetics) 

In  Model  1,  the  unadjusted  and  adjusted  analyses  of  posterior  tibial  pulses  in  diabetics 
did  not  reveal  a  significant  difference  between  Ranch  Hands  and  Comparisons  (Table 
18-16(a,b):  p>0.26  for  all  analyses).  Significant  covariates  retained  in,  the  adjusted  analysis 
included  age,  body  fat,  and  current  cigarette  smoking. 

In  the  Model  2  analysis  of  posterior  tibial  pulses  in  diabetics,  neither  the  unadjusted  nor 
the  adjusted  analysis  revealed  a  significant  association  with  initial  dioxin  (Table  18-16(c,d): 
p>0.31  for  both  analyses).  Diabetic  severity  was  the  only  significant  covariate. 

The  contrast  involving  the  high  Ranch  Hand  category  and  the  Comparison  group  was 
marginally  significant  in  the  Model  3  unadjusted  analysis  of  posterior  tibial  pulses  in  diabetes 
(Table  18-1 6(e):  p=0.079,  Est.  RR=2.87).  The  remaining  three  contrasts  were  nonsignificant 
(p>0.13).  The  difference  between  the  high  Ranch  Hand  category  and  the  Comparison  group 
remained  marginally  significant  after  adjusting  for  age,  race,  diabetic  severity,  and  current 
cigarette  smoking  (Table  18- 16(f):  p=0.062,  Adj.  RR=3.45). 

The  relationship  between  current  dioxin  and  posterior  tibial  pulses  in  diabetics  was  not 
significant  in  any  of  the  Model  4  through  6  unadjusted  and  adjusted  analyses  (Table  18-16: 
p>0.58  for  all  analyses).  Diabetic  severity  and  lifetime  cigarette  smoking  history  were 
significant  in  each  of  the  three  adjusted  analyses. 
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Table  18-16. 

Analysis  of  Posterior  Tibial  Pulses  (Doppler)  (Diabetics) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 

-  UNADJUSTED 

Occupational  Cat^oiy 

Group 

n 

;  Perc^t 
Abnormal 

Est.  Relative  Risk 
(95%  C.I.) 

p-Value 

All 

Ranch  Hand 

142 

9.2 

1.54  (0.67,3.55) 

0.421 

Comparison 

179 

6.1 

Officer 

Ranch  Hand 

55 

12.7 

2.67  (0.65,10.92) 

0.279 

Comparison 

58 

5.2 

Enlisted  Flyer 

Ranch  Hand 

25 

4.0 

0.33  (0.03,3.18) 

0.602 

Comparison 

36 

11.1 

Enlisted  Groundcrew 

Ranch  Hand 

62 

8.1 

1.78  (0.46,6.91) 

0.624 

Comparison 

85 

4.7 

:  RANCH  HANDS  vs. 

COMPARISONS  -  ADJUSTED 

Ad[j.  Relative  Risk 

Occupational  Category 

:.>«p5%  C.L)-  -^ 

Covariate  Remarks^ 

All 

1.37  (0.53,3.51) 

0.519 

AGE  (p =0.004) 

Officer 

2.35  (0.50,11.13) 

0.281 

BFAT  (p=0.013) 
DIABSEV  (p=0.180) 

Enlisted  Flyer 

0.25  (0.02,2.78) 

0.262 

CSMOK  (p=0.085) 

Enlisted  Groundcrew 

1.84  (0.41,8.21) 

0.425 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  18-16.  (Continued) 

Analysis  of  Posterior  Tibial  Pulses  (Doppler)  (Diabetics) 


c)  MODEL  2:  ^ANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  IMoxin  Category  Sommacy  Statistics 

Percent 


Analysis  Results  for  Log2  (Initial  Dioxin)^ 
Estimated  Rdative  Risk 


Initial  Dioxin 

n 

Abnormal 

(95%  C.L)'’ 

p-Value 

Low 

31 

9.7 

0.84  (0.51,1.37) 

0.463 

Medium 

31 

16.1 

High 

34 

5.9 

d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 
Analysis  Results  for  Logi  (Initial  Dioxin)^ 

n  Adjj.  Relative  Risk  (95%  C.I.)*’  p-Value _ Covariate  Remarks 

96  0.76  (0.43,1.34) _ 0.317 _ DIABSEV  (p=0.065) 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks”  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  18-16.  (Continued) 

Analysis  of  Posterior  Tibial  Pulses  (Doppler)  (Diabetics) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

UNADJUSTED 

Dioxin  Category 

n 

Percent 

Abnonnal 

Est.  Relative  Risk 
(95%  C.L)^ 

p-Value 

Comparison 

148 

4.7 

Background  RH 

42 

4.8 

0.83  (0.16,4.34) 

0.829 

Low  RH 

49 

8.2 

1.61  (0.44,5.83) 

0.471 

High  RH 

47 

12.8 

2.87  (0.89,9.32) 

0.079 

Low  plus  High  RH 

96 

10.4 

2.18  (0.78,6.05) 

0.136 

f)  MODEL  3: 

RANCH  HANDS  )US[D  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

Adj.  Rdative  Risk 
(95%C.L)‘^ 

Dioxin  Cat^ory 

n 

p-Value 

Govariate  Rranarks 

Comparison 

148 

AGE  (p =0.001) 
RACE(p=0.113) 

Background  RH 

42 

0.43  (0.06,3.00) 

0.395 

DIABSEV  (p  =0.193) 

CSMOK  (p=0.046) 

LowRH 

49 

1.18  (0.30,4.75) 

0.812 

HighRH 

47 

3.45  (0.94,12.61) 

0.062 

Low  plus  High  RH 

96 

1.98  (0.67,5.90) 

0.218 

^  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  colunm. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  18-16.  (Continued) 

Analysis  of  Posterior  Tibial  Pulses  (Doppler)  (Diabetics) 


g)  MODELS  4,  5,  AND  6;  RANCH  HANDS  -  CURRENT  DIOXIN  -  UNADJUSTED 


-  . 

Current  Dioxin  Category 
Percent  Abnonnal/(n) 

Analysis  Results  for  Log2 
(Curroit  Dioxin -l-.l) 

ModeP 

Low 

Medium 

High 

Est.  Relative  Risk 
(95%  CX)'’ 

p-Value 

4 

3.6 

(28) 

8.9 

(56) 

11.1 

(54) 

0.99(0.67,1.45) 

0.943 

5 

3.8 

(26) 

9.3 

(54) 

10.3 

(58) 

1.03  (0.74,1.42) 

0.874 

6'= 

3.8 

(26) 

9.3 

(54) 

10.3 

(58) 

0.98  (0.68,1.41) 

0.899 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  ADJUSTED 


Model^ 

■■■'  .'.n  ■  ■■ 

Adj.  Relative  Risk 
:  ::(95%  C 

ults  for  Logi  fCur 

vpA^iie 

Tent  Dio?dn  +  1) 

Covariate  Remaiics 

4 

138 

1.04  (0.69,1.56) 

0.860 

DIABSEV  (p =0.026) 

PACKYR  (p=0.067) 

5 

138 

1.09  (0.79,1.51) 

0.587 

DIABSEV  (p=0.025) 

PACKYR  (p =0.060) 

6“ 

138 

1.09  (0.79,1.51) 

0.587 

DIABSEV  (p =0.025) 

PACKYR  (p=0.060) 

®  Model  4:  Log2  (lipid-adjusted  current  dioxin  +1). 

Model  5:  Log2  (whole-weight  current  dioxin  -1-1). 

Model  6:  Log2  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

*’  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

Adjusted  for  log2  total  lipids. 

Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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Leg  Pulses  (Doppler)  (Diabetics) 

No  significant  overall  or  stratified  differences  between  Ranch  Hands  and  Comparisons 
were  revealed  in  the  unadjusted  and  adjusted  Model  1  analyses  of  leg  pulses  restricted  to 
diabetics  (Table  18-17(a,b):  p>0.19  for  all  analyses).  In  the  adjusted  analysis,  age,  body  fat, 
lifetime  cigarette  smoking  history,  cholesterol,  and  family  history  of  heart  disease  were 
significant  covariates. 

Leg  pulses  were  not  significantly  associated  with  initial  dioxin  in  the  Model  2  analyses 
of  diabetics  (Table  18-17(c,d):  p>0.29  for  both  analyses).  Family  history  of  heart  disease 
was  the  only  significant  covariate  in  the  Model  2  adjusted  analysis. 

Both  the  unadjusted  and  adjusted  Model  3  analyses  revealed  a  significant  dioxin  effect 
for  the  contrast  involving  high  Ranch  Hands  and  Comparisons,  restricted  to  diabetics.  The 
relative  risk  for  high  Ranch  Hands  was  greater  than  3.00  for  both  imadjusted  and  adjusted 
analyses  (Table  18-17(e,f):  p=0.009,  Est.  RR=3.05,  p=0.013,  Adj.  RR=3.07  respectively). 

The  percentage  of  diabetic  Ranch  Hands  in  the  high  category  with  abnormal  leg  pulses  was 
29.8  percent  compared  to  12.8  percent  for  the  Comparisons.  Significant  covariates  included 
age  and  lifetime  alcohol  history. 

None  of  the  Model  4  through  6  unadjusted  analyses  on  diabetics  revealed  a  significant 
association  between  leg  pulses  and  current  dioxin  (Table  18-1 7(g):  p>0.47  for  all  analyses). 
The  adjusted  Model  4  analysis  also  had  nonsignificant  results  (Table  18-17(h):  p=0.263).  For 
Model  5,  the  interaction  of  current  dioxin  and  lifetime  cigarette  smoking  history  was 
significant  (Table  18-1 7(h):  p=0.026).  Results  fi'om  additional  investigation  on  this 
interaction  are  found  in  Appendix  Table  N-2-8.  The  current  dioxin  effect  was  nonsignificant 
once  the  interaction  was  deleted  from  the  final  model  (Table  18-17(h):  p=0.271).  The  Model 
6  adjusted  analysis  did  not  reveal  a  significant  relationship  between  current  dioxin  and  leg 
pulses  in  diabetics  (p=0.391).  Diabetic  severity  and  lifetime  alcohol  history  were  retained  in 
each  of  the  three  adjusted  analyses.  In  addition,  family  history  of  heart  disease  was 
significant  in  the  Model  5  analysis. 

Peripheral  Pulses  (Doppler)  (Diabetics) 

Neither  the  unadjusted  nor  the  adjusted  Model  1  analysis  of  peripheral  pulses  in  diabetics 
revealed  significant  results  (Table  18-18(a,b):  p>0.19  for  all  analyses).  Significant  covariates 
included  age,  body  fat,  lifetime  alcohol  history,  and  cholesterol. 

Peripheral  pulses  were  not  significantly  associated  with  initial  dioxin  in  either  analysis 
for  Model  2,  restricted  to  diabetics  (Table  18-18(c,d):  p>0.29  for  both  the  unadjusted  and 
adjusted  analyses).  Family  history  of  heart  disease  was  significant  in  the  adjusted  analysis. 

In  the  Model  3  unadjusted  analysis  of  peripheral  pulses  in  diabetics,  a  significant 
difference  between  the  high  Ranch  Hand  category  and  the  Comparison  group  was  shown,  with 
29.8  percent  of  the  high  Ranch  Hands  and  13.5  percent  of  the  Comparisons  having  abnormal 
peripheral  pulses  (Table  18-18(e):  p=0.013,  Est.  RR=2.86).  After  adjusting  for  age,  diabetic 
severity,  and  lifetime  alcohol  history,  the  difference  between  high  Ranch  Hands  and 
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Table  18-17. 

Analysis  of  Leg  Pulses  (Doppler)  (Diabetics) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


Occupational  Category 

Group 

Percent 

Abnormal 

Est.  Relative  Risk 
(95%  C.I.) 

p-Value 

All 

Ranch  Hand 

142 

18.3 

1.45  (0.79,2.65) 

0.295 

Comparison 

179 

13.4 

Officer 

Ranch  Hand 

55 

18.2 

1.62  (0.56,4.61) 

0.519 

Comparison 

58 

12.1 

Enlisted  Flyer 

Ranch  Hand 

25 

12.0 

0.56  (0.13,2.44) 

0.674 

Comparison 

36 

19.4 

Enlisted  Groundcrew 

Ranch  Hand 

62 

21.0 

1.99  (0.81,4.89) 

0.198 

Comparison 

85 

11.8 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  ADJUSTED 


Occupational  Category 

Adj.  Relative  Risk 

C.I.)  p-Valne  Covariate  Remarks® 

All  1.17(0.59,2.32)  0.661 

Officer  1.41  (0.45,4.44)  0.554 

Enlisted  Flyer  0.49  (0.10,2.31)  0.366 

Enlisted  Groundcrew  1.51  (0.53,4.29)  0.435 

AGE  (p=0.045) 

BEAT  (p=0.010) 
DIABSEV  (p =0.341) 
PACKYR  (p =0.140) 
CHOL  (p=0.128) 
HRTDIS  (p =0.066) 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  18-17.  (Continued) 

Analysis  of  Leg  Pulses  (Doppler)  (Diabetics) 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  IHoxin  Category  Summaiy  Statistics 
Initial  Dioxin  n 


Percent 

Abnormal 


Analysis  Results  for  Logj  (Initial  Dioxin)^ 

p-Value 


Estimated  Relative  Risk 
(95%  C.!.)** 


Low 

31 

9.7 

1.20  (0.85,1.70) 

0.294 

Medium 

31 

25.8 

High 

34 

23.5 

d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  - 

ADJUSTED 

n 

Analysis  Results  for  Log2  (Initial  Dioxin)^ 
Adj.  Relative  Risk  (95%  C.I.)*’  :p-Value 

Covariate  Remarks 

96 

1.19(0.82,1.73)  0.366 

DIABSEV  (p  =0.399) 

HRTDIS  (p  =0.039) 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  18-17.  (Continued) 

Analysis  of  Leg  Pulses  (Doppler)  (Diabetics) 


€)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


Dioxin  Cat^ory 

n 

Percent 

Abnormal 

Est.  Relative  Risk 
(95%C.L)"^ 

p-Value 

Comparison 

148 

12.8 

Background  RH 

42 

14.3 

0.92  (0.33,2.59) 

0.875 

Low  RH 

49 

10.2 

0.66  (0.23,1.92) 

0.444 

High  RH 

47 

29.8 

3.05  (1.32,7.02) 

0.009 

Low  plus  High  RH 

96 

19.8 

1.56  (0.76,3.21) 

0.224 

f)  MODEL  3; 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

Adj.  Relative  Risk 

Dioxin  Categoi7 

n 

(95%  C.I;)'^ 

p- Value 

■: : -Covariate:  Ronarks  ■ : ' .  ^ 

Comparison 

145 

AGE  (p=0.042) 

DIABSEV  (p  =0.271) 

Background  RH 

42 

0.56(0.17,1.88) 

0.348 

DRKYR  (p =0.035) 

Low  RH 

47 

0.39  (0.11,1.34) 

0.134 

HighRH 

46 

3.07  (1.27,7.47) 

0.013 

Low  plus  High  RH 

93 

1.31  (0.61,2.80) 

0.486 

^  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  18-17.  (Continued) 

Analysis  of  Leg  Pulses  (Doppler)  (Diabetics) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  —  CURRENT  DIOXIN  —  UNADJUSTED 


ModeT 

Low 

Current  Dioxin  Cat^ory 
Percent  AbnonnaI/(a) 

Medium 

High 

Analysis  Results  for  Log2 
:;:(Curr«it  Dioxin  +  1) 

Est.  Rdative  Risk 

(95%  C.I.)'’  p-Value 

4 

17.9 

(28) 

8.9 

(56) 

27.8 

(54) 

1.11  (0.84,1.46) 

0.476 

5 

19.2 

(26) 

9.3 

(54) 

25.9 

(58) 

1.07  (0.84,1,35) 

0.585 

6" 

19.2 

(26) 

9.3 

(54) 

25.9 

(58) 

1.06  (0.81,1.38) 

0.677 

h)  MODELS  4/  5,  AND  6:  RjUSK^H  HANDS  —  CTIRRENT  DIOXIN  —  ADJUSTED 


Analysis  Results  for  Logj  (Current  Dioxin  4- 1) 

ModeT 

■■  n 

Ady.  Relative  Risk 
05%  CJ.)” 

p-Value 

4 

135 

1.20  (0.87,1.66) 

0.263 

DIABSEV  (p =0.008) 

DRKYR  (p =0.028) 

5 

133 

1.16  (0.89,1.52)** 

0.271** 

CURR*PACKYR  (p=0.026) 

DIABSEV  (p=0.054) 

HRTDIS  (p=0.050) 

DRKYR  (p=0.069) 

6*' 

135 

1.14  (0.84,1.55) 

0.391 

DIABSEV  (p=0.010) 

DRKYR  (p =0.026) 

®  Model  4:  Log2  (lipid-adjusted  current  dioxin  -1-1). 

Model  5:  Log2  (whole-weight  current  dioxin  +1). 

Model  6:  Log2  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 


^  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

^  Adjusted  for  log2  total  lipids. 

''  Adjusted  for  logj  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (current  dioxin  l)-by-covariate  interaction  (0.01  <p<0.05);  adjusted  relative  risk,  confidence 
interval,  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table 
N-2-8  for  further  analysis  of  this  interaction. 


Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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Table  18-18. 

Analysis  of  Peripheral  Pulses  (Doppler)  (Diabetics) 


MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  UNADJUSlED 

Occupational  Category 

Group 

n 

Percent 

Abnormal 

Est.  Relative  Risk 
(95%  CJ.) 

p-Vaiue 

AU 

Ranch  Hand 

142 

19.0 

1.45  (0.80,2.62) 

0.286 

Comparison 

179 

14.0 

Officer 

Ranch  Hand 

55 

20.0 

1.56  (0.58,4.23) 

0.529 

Comparison 

58 

13.8 

Enlisted  Flyer 

Ranch  Hand 

25 

12.0 

0.56  (0.13,2.44) 

0.674 

Comparison 

36 

19.4 

Enlisted  Groundcrew 

Ranch  Hand 

62 

21.0 

1.99  (0.81,4.89) 

0.198 

Comparison 

85 

11.8 

b)  MODEL  ! 

:  RANCH  HANDS  VS.  COMPARISONS 

—  ADJUSTED 

Adj.  Relative  Risk 
(95%  C. I.) 

Covariate  Remarks® 

Occupational  Category 

p-Value 

All 

1.12  (0.58,2.18) 

0.733 

0.553 

AGE  (p =0.007) 

BFAT  (p=0.003) 

Officer 

1.39  (0.47,4.06) 

DIABSEV  (p=0.164) 

Enlisted  Flyer 

0.49  (0.10,2.27) 

0.359 

DRKYR  (p=0.023) 
CHOL  (p =0.086) 

Enlisted  Groundcrew 

1.40  (0.50,3.90) 

0.524 

— 

"  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  18-18.  (Continued) 

Analysis  of  Peripheral  Pulses  (Doppler)  (Diabetics) 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 
Initial  Dioxin  n 


Percent 

Abnormal 


Analysis  Results  for  Logj  (Initial  Dioxin)^ 

Estimated  Relative  Risk 
(95%C.L)'» 


p-Vidue 


Low 

31 

9.7 

1.20  (0.85,1.70) 

0.294 

Medium 

31 

25.8 

High 

34 

23.5 

d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  ^ 

ADJUSTED 

Analysis  Results  for  Logj  (Initial  Dioxin)*^ 

n 

Adj.  Relative  Risk  (95%  C.I.)*’  p-Value 

Govariate  Remarks 

96 

1.19  (0.82,1.73)  0.366 

DIABSEV  (p =0.399) 
HRTDIS  (p=0.039) 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

'  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  18-18.  (Continued) 

Analysis  of  Peripheral  Pulses  (Doppler)  (Diabetics) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  UNADJUSTED 


Diorin  Category 

n 

Percent 

Abnormal 

£st.  Rdative  Risk  i  : 
(95%C.L)*  'r 

p-Value 

Comparison 

148 

13.5 

Background  RH 

42 

16.7 

1.05  (0.39,2.81) 

0.919 

Low  RH 

49 

10.2 

0.62  (0.21,1.79) 

0.376 

High  RH 

47 

29.8 

2.86  (1.25,6.55) 

0.013 

Low  plus  High  RH 

96 

19.8 

1.47  (0.72,3.00) 

0.292 

f)  model  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

Dioxin  Category 

-  ■  n' .  ■ 

Adj.  Relative  Risk 

:  V  :  ;:(95%  CX)^ 

p-Value 

Covaiiate  Ronarks 

Comparison 

145 

AGE  (p=0.012) 

DIABSEV  (p=0.239) 

Background  RH 

42 

0.70  (0.23,2.17) 

0.539 

DRKYR  (p =0.063) 

Low  RH 

47 

0.35  (0.10,1.22) 

0.099 

High  RH 

46 

2.95  (1.21,7.16) 

0.017 

Low  plus  High  RH 

93 

1.22  (0.57,2.60) 

0.605 

Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks”  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  ^  10  ppt. 

Backgrotmd  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  18-18.  (Continued) 

Analysis  of  Peripheral  Pulses  (Doppler)  (Diabetics) 


g)  MODELS  4,  5,  AND  6;  RANCH  HANDS  -  CURRENT  DIOXIN  -  UNADJUSTED 


Current  Dioxin  Cat^ory 
Percent  Abnonnal/(n) 

Analyas  Results  for  Log^ 

(Current  Dioxin  +  1) 

Low 

Medium 

High 

Est.  Relative  Risk 
(95%  C.!.)” 

p-Value 

4 

21.4 

(28) 

8.9 

(56) 

27.8 

(54) 

1.07  (0.81,1.41) 

0.631 

5 

23.1 

(26) 

9.3 

(54) 

25.9 

(58) 

1.04  (0.82,1.31) 

0.746 

6' 

23.1 

(26) 

9.3 

(54) 

25.9 

(58) 

1.03  (0.79,1.34) 

0.834 

h)  MODELS  4,  5,  AND  6;  RANCH  HANDS  —  CURRENT  DIOXIN  —  ADJUSTED 


Analysis  Results  for  L<^2  ((Current  Dioxin  +  1) 

Model* 

n 

Adj.  Relative  Risk 
(95%  C.!.)” 

p-Value 

Covariate  Remailcs 

4 

133 

+sjc*s|e 

CURR*HRTDIS  (p=0.005) 

DIABSEV  (p =0.016) 

DRKYR  (p=0.033) 

5 

135 

1.12  (0.86,1.44) 

0.399 

DIABSEV  (p  =0.015) 

DRKYR  (p=0.031) 

6*^ 

133 

1.10  (0.81,1.49)** 

0.534** 

CURR*HRTDIS  (p=0.014) 

DIABSEV  (p =0.022) 

DRKYR  (p =0.032) 

^  Model  4:  Lx)g2  (lipid-adjusted  current  dioxin  -f-  1). 

Model  5:  Lx)g2  (whole-weight  current  dioxin  +  1). 

Model  6:  Log2  (whole-weight  current  dioxin  -h  1),  adjusted  for  log2  total  lipids. 

^  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

^  Adjusted  for  log2  total  lipids. 

^  Adjusted  for  iog2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (current  dioxin  -h  l)-by-covariate  interaction  (0.01  <p<0.05);  adjusted  relative  risk,  confidence 
interval,  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix 
Table  N-2-9  for  further  analysis  of  this  interaction. 

****  Log2  (current  dioxin  4-  l)-by-covariate  interaction  (p<0.01);  adjusted  relative  risk,  confidence  interval, 
and  p-value  not  presented;  refer  to  Appendix  Table  N-2-9  for  further  analysis  of  this  interaction. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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Comparisons  remained  significant  (Table  18-18(f):  p=0.017,  Adj.  RR=2.95).  In  addition,  the 
contrast  involving  low  Ranch  Hands  and  Comparisons  was  marginally  significant  in  the 
adjusted  analysis,  with  an  adjusted  relative  risk  less  than  one  (p=0.099,  Adj.  RR=0.35). 

For  Models  4  through  6,  the  unadjusted  analyses  of  peripheral  pulses  in  diabetics  did  not 
reveal  sigmficant  results  (Table  18- 18(g):  p>0.63  for  all  analyses).  In  the  adjusted  Model  4 
analysis,  a  highly  significant  interaction  between  current  dioxin  and  family  history  of  heart 
disease  was  revealed  (Table  18-1 8(h):  p=0.005).  This  interaction  is  further  explored  in 
Appendix  Table  N-2-9.  The  results  in  the  Model  5  adjusted  analysis  were  nonsignificant 
(p=0.399).  Adjustment  in  the  whole-weight  current  dioxin  measurement  for  total  lipids  led  to 
a  significant  interaction  between  current  dioxin  and  family  history  of  heart  disease  in  Model  6 
(Table  18-1 8(h):  p=0.014).  However,  after  removing  the  interaction  from  the  final  model, 
the  association  between  peripheral  pulses  in  diabetics  and  current  dioxin  was  not  significant 
(p=0.534).  Appendix  Table  N-2-9  shows  further  analysis  stratified  by  family  history  of  heart 
disease  (yes,  no).  Each  of  the  three  adjusted  analyses  retained  diabetic  severity  and  lifetime 
alcohol  history. 

Thyroid  Stimulating  Hormone  (Continuous) 

The  Model  1  imadjusted  and  adjusted  analyses  of  thyroid  stimulating  hormone  (TSH)  in 
its  continuous  form  did  not  show  a  statistically  significant  difference  in  mean  TSH  levels 
between  Ranch  Hands  and  Comparisons  (Table  18-19(a,b):  p>0.26  for  all  analyses). 
Significant  covariates  included  age,  race,  and  occupation. 

Both  the  unadjusted  and  adjusted  analyses  of  Models  2  and  3  showed  nonsignificant 
relationships  between  dioxin  and  TSH  measured  continuously  (Table  18-19(c-f):  p>0.10  for 
all  analyses).  In  the  Model  2  adjusted  analysis,  race  was  the  only  significant  covariate, 
whereas  in  the  Model  3  analysis,  age,  race,  and  occupation  were  significant. 

None  of  the  imadjusted  analyses  detected  a  significant  association  between  current  dioxin 
and  TSH  for  Models  4  through  6  (Table  18-19(g):  p>0.33  for  all  analyses).  The  adjusted 
Model  4  and  Model  6  analyses  also  had  nonsignificant  results  (Table  18- 19(h):  p>0.10  for 
both  analyses).  However,  a  marginally  significant  positive  relationship  between  current  dioxin 
and  TSH  was  shown  in  the  adjusted  analysis  for  Model  5  (Table  18-19(h):  p=0.056, 
Slope=0.0265).  But,  when  occupation  was  removed  from  the  final  model,  Ae  relationship 
between  current  dioxin  and  TSH  became  nonsignificant  (Table  N-3-9(b):  p=0.345).  Race  and 
occupation  were  significant  covariates  in  each  of  the  adjusted  analyses. 

Thyroid  Stimulating  Hormone  (Discrete) 

The  frequencies  of  Ranch  Hands  and  Comparisons  with  abnormally  high  TSH  levels 
were  not  significantly  different  in  either  the  unadjusted  or  adjusted  Model  1  analyses  (Table 
18-20(a,b):  p>0.27  for  all  contrasts).  Age  and  race  were  determined  to  be  significant 
covariates  in  the  adjusted  model. 

A  marginally  significant  association  between  TSH  and  initial  dioxin  was  revealed  in  the 
unadjusted  Model  2  analysis  (Table  18-20(c):  Est.  RR=1.44,  p=0.076).  In  both  the  low  and 
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Table  18-19. 

Analysis  of  Thyroid  Stimulating  Hormone  (TSH)  (/tIU/ml) 

(Continuous) 


a)  MODEL  1:  RAJTCH  HANDS  VS. 

COMPARISONS  -  UNADJUSTED 

Occupational 

Category 

Group 

-Mean® 

Difference  of  Means 

p-Value^ 

All 

Ranch  Hand 

932 

1.62 

0.05- 

0.275 

Comparison 

1,237 

1.57 

Officer 

Ranch  Hand 

357 

1.73 

0.08  - 

0.269 

Comparison 

480 

1.65 

Enlisted  Flyer 

Ranch  Hand 

158 

1.47 

-0.04  - 

0.710 

Comparison 

198 

1.51 

Enlisted  Groundcrew 

Ranch  Hand 

417 

1.59 

0.06  - 

0.367 

Comparison 

559 

1.53 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  ADJUSTED 


Occupational 

Adj. 

Difference  of  Adj . 

Category 

Group 

n 

Mean^ 

Means  (95%  C.I.)*’ 

p-Value" 

Covariate  Remarks'^ 

All 

Ranch  Hand 

932 

1.41 

0.04  - 

0.282 

AGE  (p <0.001) 

Comparison 

1,237 

1.37 

0.07  - 

0.280 

RACE  (p  <0.001) 
OCC  (p =0.044) 

Officer 

Ranch  Hand 

357 

1.47 

Comparison 

480 

1.40 

Enlisted 

Ranch  Hand 

158 

1.28 

-0.04  - 

0.645 

Flyer 

Comparison 

198 

1.32 

Enlisted 

Ranch  Hand 

417 

1.44 

0.05  - 

0.377 

Groundcrew 

Comparison 

559 

1.39 

^  Transformeii  from  the  natural  logarithm  scale. 

^  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
given  because  analysis  was  performed  on  natural  logarithm  scale. 

^  P-values  based  on  difference  of  means  on  natural  logarithm  scale. 

^  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  18-19.  (Continued) 

Analysis  of  Thyroid  Stimulating  Hormone  (TSH)  (/tlU/ml) 

(Continuous) 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


hiitial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)*’ 

Initial  Dioxin 

n 

Mean® 

Adj. 

Mean®^ 

R* 

Slope 

(Std.  Error)® 

p-Valne 

Low 

170 

1.58 

1.58 

0.005 

0.0043  (0.0215) 

0.841 

Medium 

171 

1.58 

1.58 

High 

168 

1.70 

1.69 

d)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN  --  ADJ^^ 


Initial  Dioxin  Cat^ory  Summary  Statistics 


Analysis  Results  for  Log2  ^itial  Dioxin)*^ 


Initial  Dioxin 

n 

A<«. 

Mean®^ 

R^ 

Adj.  Slope 
(Std.  Error)® 

p- Value 

Covariate  Remarks 

Low 

170 

1.34 

0.032 

-0.0017  (0.0213) 

0.937 

RACE  (p  <0.001) 

Medium 

171 

1.32 

High 

168 

1.41 

^  Transformed  from  natural  logarithm  scale. 


Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


Slope  and  standard  error  based  on  natural  logarithm  of  TSH  versus  logj  (initial  dioxin). 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  18-19.  (Continued) 

Analysis  of  Thyroid  Stimulating  Hormone  (TSH)  (^lU/ml) 

(Continuous) 


e)  MODEL  3;  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  UNADJUSTED 

INfference  of  Adj. 


XMoxin  Category 

n 

Mean^ 

Adj. 

Mean* 

.  Mean  vs.  C(»nparisons 
(95%C.L)'' 

p-Value^ 

Comparison 

1,027 

1.58 

1.58 

Background  RH 

365 

1.64 

1.64 

0.07  - 

0.293 

LowRH 

254 

1.60 

1.60 

0.02  - 

0.777 

HighRH 

255 

1.64 

1.64 

0.06  - 

0.376 

Low  plus  High  RH 

509 

1.62 

1.62 

0.04  - 

0.450 

0  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOSIN  CATEGORY  —  ADJUSTED 


"  "Adj.'"''' 

Diflterence 

M^n  vs.  Comparisons 

Dioxin  Categbry 

n 

Mean“ 

p-Vdlue*' 

Covariate  Remarks 

Comparison 

1,027 

1.36 

AGE  (p=0.003) 

RACE  (p< 0.001) 

Background  RH 

365 

1.37 

0.02  - 

0.739 

OCC  (p=0.031) 

LowRH 

254 

1.38 

0.03  - 

0.655 

HighRH 

255 

1.46 

0.10  - 

0.105 

Low  plus  High  RH 

509 

1.42 

0.06  - 

0.175 

®  Transformed  from  natural  logarithm  scale. 


**  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  ^te  of  the  blood  draw  for  dioxin. 

'  Difference  of  adjusted  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of 
adjusted  means  not  given  because  analysis  was  performed  on  natural  logarithm  scale. 

P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  imder  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  18-19.  (Continued) 

Analysis  of  Thyroid  Stimulating  Hormone  (TSH)  (/tIU/ml) 

(Continuous) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  UNADJUSTED 


Current  Dioxin  Category 
Mean“/{n) 

Analysis  Results  for  L<^ 
(Curroit  Dioxih  -1-  1) 

2 

Model*’ 

Low 

Medium 

High 

R^ 

Slope 

(Std.  Error)*’ 

p-Value 

4 

1.61 

(291) 

1.65 

(290) 

1.63 

(293) 

<0.001 

0.0087 

(0.0145) 

0.547 

5 

1.59 

(296) 

1.64 

(288) 

1.65 

(290) 

0.001 

0.0120 

(0.0124) 

0.334 

6<* 

1.61 

(295) 

1.64 

(288) 

1.63 

(290) 

0.003 

0.0060 

(0.0134) 

0.655 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  —  ADJUSTED 


Current  Dioxin  Category 
Adjusted  MeanV(n) 

Analysis  Results  for  Log2 
(Current  Dioxin  -*-  1) 

Mpdel'’ 

Low 

Medium 

High 

R^ 

Adj.  Slope 
(Std.  Error) 

^  ip-Vadue 

Govariate  Remarks 

4 

1.30 

(291) 

1.39 

(290) 

1.42 

(293) 

0.029 

0.0265 

(0.0165) 

0.108 

RACE  (p <0.001) 
OCC  (p=0.021) 

5 

1.29 

(296) 

1.39 

(288) 

1.44 

(290) 

0.030 

0.0265 

(0.0139) 

0.056 

RACE  (p  <0.001) 
OCC  (p=0.016) 

6® 

1.30 

(295) 

1.39 

(288) 

1.43 

(290) 

0.031 

0.0233 

(0.0150) 

0.121 

RACE  (p  <0.001) 
OCC  (p=0.018) 

®  Transformed  from  natural  logarithiii  scale. 

Model  4:  Logj  (lipid-adjusted  current  dioxin  -I-  1). 

Model  5:  Log2  (whole-weight  current  dioxin  +1). 

Model  6:  Log2  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

®  Slope  and  standard  error  based  on  natural  logarithm  of  TSH  versus  log2  (current  dioxin  -1-1). 

**  Adjusted  for  log2  total  lipids. 

®  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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Table  18-20. 

Analysis  of  Thyroid  Stimulating  Hormone  (TSH) 
(Discrete) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


Occupational  Category 

Group 

n 

Perc^ 

Abnormal 

High 

Est.  Rdative  Risk 

'■■-.^''(9S%C.L)  , 

p-Value 

All 

Ranch  Hand 

932 

2.4 

1.01  (0.57,1.76) 

0.999 

Comparison 

1,237 

2.3 

Officer 

Ranch  Hand 

357 

2.2 

0.62  (0.27,1.46) 

0.374 

Comparison 

480 

3.5 

Enlisted  Flyer 

Ranch  Hand 

158 

2.5 

2.55  (0.46,14.08) 

0.488 

Comparison 

198 

1.0 

Enlisted  Groundcrew 

Ranch  Hand 

417 

2.4 

1.35  (0.56,3.27) 

0.663 

Comparison 

559 

1.8 

b)  MODEL  1:  RANCH  HANDS  VS  COMPARISONS 


Adj,  Relative  Risk 


Occupational  Category 

.  "  :  ^::(95%:U.L)  V:;:  ::::-E  ^ 

Govariate  Remarks^ 

All 

1.00  (0.57,1.75) 

0.999 

AGE  (p=0.079) 

Officer 

0.62  (0.26,1.46) 

0.273 

RACE  (p=0.015) 

Enlisted  Flyer 

2.50  (0.45,13.87) 

0.294 

Enlisted  Groundcrew 

1.35  (0.55,3.27) 

0.512 

Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  18-20.  (Continued) 

Analysis  of  Thyroid  Stimulating  Hormone  (TSH) 
(Discrete) 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Percent 

Abnormal 


Analysis  Results  for  Log2  (Initial  Dioxin)^ 
Estimated  Rdative  Risk 


Initial  Dioxin 

n 

ffigh 

(95%  C.I.)^ 

p-A^lue 

Low 

170 

1.2 

1.44(0.97,2.15) 

0.076 

Medium 

171 

1.2 

High 

168 

4.8 

d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  —  ADJUSTED 
Analysis  Results  for  Log2  (Initial  IMoxin)® 

n  Adj.  Relative  Risk  (95%  C.!.)*^  _ p-Value _ Covariate  Remarks 

509 _ 1.44  (0.97,2.15) _ 0.076 _ 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

**  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  18-20.  (Continued) 

Analysis  of  Thyroid  Stimulating  Hormone  (TSH) 
(Discrete) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CAIEGORY 

—  UNADJUSTED 

Dioxin  Catq^ory 

n 

Percent 

Abnormal  ffigh 

Est.  Relative  Risk 
(95%  C.I.)* 

p-Valtie 

Comparison 

1,027 

2.4 

Background  RH 

365 

2.5 

0.93  (0.43,2.02) 

0.847 

LowRH 

254 

1.2 

0.49(0.15,1.64) 

0.246 

HighRH 

255 

3.5 

1.59  (0.73,3.47) 

0.245 

Low  plus  High  RH 

509 

2.4 

1.02  (0.50,2.05) 

0.964 

f)  MODEL  3: 

RANCH  HANDS  AND  COMI^SONS  BY  DIOXIN  CATEGCWRY  —  ADJUSTED 

Dioxin  Gategoiy 

Adj,  Relative  Risk 

p-Va!ue 

Covariate  Ranarks 

Comparison 

Background  RH 

1,027 

365 

0.88  (0.40,1.92) 

0.753 

AGE  (p=0.145) 

RACE  (p=0.029) 

Low  RH 

254 

0.50(0.15,1.67) 

0.260 

HighRH 

255 

1.72  (0.78,3.80) 

0.176 

Low  plus  High  RH 

509 

1.06  (0.53,2.15) 

0.862 

*  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  18-20.  (Continued) 

Analysis  of  Thyroid  Stimulating  Hormone  (TSH) 
(Discrete) 


g)  MODELS  4,  5,  AND  6;  RANCH  HANDS  —  qURRENT  DIOXIN  -  UNADJUSTED 


Current  Dioxin  Cat^ory 

Percent  Abnormal  High/(n)  ; 

"  An^ysis  Results  for  Log 
(Cuirait  Dioxin  +  1) 

2 

Low 

Medium 

High 

Est.  Relative  Risk 
(95%C.I.)‘’ 

p-Value 

4 

2.4 

(291) 

1.7 

(290) 

3.1 

(293) 

1.15  (0.87,1.53) 

0.327 

5 

2.0 

(296) 

2.1 

(288) 

3.1 

(290) 

1.16  (0.90,1.50) 

0.242 

6= 

2.0 

(295) 

2.1 

(288) 

3.1 

(290) 

1.12(0.85,1.47) 

0.428 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  ^  CURRENT  DIOXM  —  ADJUSTS 


ModeP 

' 'n;- ; 

Analysis  Re 

Adj.  Relative  Risk 

suits  for  Log 

p-Value 

^¥(Current"Dioxin  v+-tl)' ■ 

4 

874 

1.15  (0.87,1.52) 

,  0.330 

RACE  (p=0. Ill) 

5 

874 

1.16  (0.90,1.48) 

0.252 

RACE  (p=0. 114) 

6*^ 

873 

1.16  (0.90,1.49) 

0.257 

RACE  (p=0. 114) 

*  Model  4:  Log2  (lipid-adjusted  current  dioxin  -f-  1). 

Model  5:  Log2  (whole-weight  current  dioxin  -Hi). 

Model  6:  Log2  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 


Relative  risk  for  a  twofold  increase  in  current  dioxin. 

^  Adjusted  for  log2  total  lipids. 

**  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks”  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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medium  categories  of  initial  dioxin,  1.2  percent  of  the  participants  had  abnormally  high  TSH 
levels  in  contrast  to  4.8  percent  in  the  high  category.  In  the  adjusted  analysis,  no  covariates 
were  retained;  therefore,  the  results  of  this  analysis  were  identical  to  those  of  the  imadjusted 
analysis. 

For  Model  3,  no  significant  differences  were  evident  between  the  four  Ranch  Hand 
categories  and  the  Comparison  group  in  the  unadjusted  and  adjusted  analyses  of  discrete  TSH 
(Table  18-20(e,f):  p>0.17  for  all  contrasts).  Age  and  race  were  significant  covariates  in  the 
adjusted  analysis. 

No  significant  results  were  revealed  in  the  Model  4  through  6  unadjusted  and  adjusted 
analyses  of  discrete  TSH  versus  current  dioxin  (Table  18-20(g,h):  p>0.24  for  all  analyses). 
Race  was  retained  in  each  of  the  three  adjusted  analyses. 

Thyroxine  (Continuous) 

No  significant  group  effect  was  detected  in  the  imadjusted  and  adjusted  Model  1  analyses 
of  thyroxine  (T4)  (Table  18-21(a,b):  p>0.22  for  all  contrasts).  Covariates  retained  in  the 
adjusted  analysis  were  age  and  occupation. 

For  Model  2  neither  the  unadjusted  nor  the  adjusted  analyses  of  thyroxine  detected  a 
significant  association  with  initial  dioxin  (Table  18-21(c,d):  p>0.28  for  both  analyses).  Race 
and  occupation  were  significant  covariates. 

Likewise,  for  Model  3,  there  were  no  significant  differences  between  Ranch  Hands  and 
Comparisons  in  either  analysis  (Table  18-21(e,f):  p>0.14  for  both  the  unadjusted  and  the 
adjusted  contrasts).  Age,  occupation,  and  the  race-by-personality  type  interaction  were 
significant  in  the  adjusted  analysis. 

In  the  Model  4  unadjusted  analysis,  a  marginally  significant  positive  association  between 
current  dioxin  and  thyroxine  was  revealed  (Table  18-2 1(g):  p=0.085,  Slope=0.0532). 

However,  after  adjusting  for  race,  occupation,  and  personality  type,  the  association  became 
nonsignificant  (Table  18-21(h):  p=0.515).  The  relationship  between  thyroxine  and  current 
dioxin  was  not  significant  in  the  Models  5  and  6  unadjusted  and  adjusted  analyses  (Table  18- 
21(g,h):  p>0.10  for  Models  5  and  6).  Race,  occupation,  and  personality  type  were  retained 
in  both  adjusted  analyses. 

Thyroxine  (Discrete) 

In  the  Model  1  unadjusted  analysis  of  thyroxine,  the  percentage  of  Ranch  Hands  with 
abnormally  low  levels  of  thyroxine  did  not  differ  significantly  from  the  percentage  of 
Comparisons  (Table  18-22(a):  p=0.999).  The  difference  remained  nonsignificant  after 
adjusting  for  occupation  (Table  18r22(b):  p=0.996).  Analysis  within  the  three  occupational 
categories  was  performed  only  for  the  officer  stratum  because  of  the  sparse  number  of 
abnormalities  in  the  remaining  two  occupational  strata.  Only  one  enlisted  flyer  Ranch  Hand 
and  three  enlisted  groundcrew  Comparisons  had  abnormally  low  thyroxine  levels.  For 
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Table  18-21. 

Analysis  of  Thyroxine  (T4)  (/tg/dl) 
(Continuous) 


a)  MODEL  1:  RANCH  HANDS  \^.  COMl^M^SONS  — 


Occupational 

Category 

Group 

:.-.n 

Mean 

Difference  of  Means 

p-Value 

All 

Ranch  Hand 

932 

7.79 

-0.04  (-0.15,0.07) 

0.499 

Comparison 

1,237 

7.83 

Officer 

Ranch  Hand 

357 

7.50 

-0.11  (-0.28,0.07) 

0.224 

Comparison 

480 

7.61 

Enlisted  Flyer 

Ranch  Hand 

158 

7.97 

0.02  (-0.24,0.28) 

0.877 

Comparison 

198 

7.95 

Enlisted  Groundcrew 

Ranch  Hand 

417 

7.98 

-0.01  (-0.18,0.17) 

0.948 

Comparison 

559 

7.98 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 

-ADJUSTED 

Occupational 

Category 

Group 

n 

Adj. 

Mean 

Difference  of  Adj- 
Means  (95%  C.L) 

p-Value 

Covariate  Remarks^ 

All 

Ranch  Hand 

932 

7.81 

-0.04  (-0.15,0.07) 

0.456 

AGE  (p=0.044) 

Comparison 

1,237 

7.85 

OCC  (p<0.001) 

Officer 

Ranch  Hand 

357 

7.48 

-0.11  (-0.29,0.07) 

0.224 

Comparison 

480 

7.59 

Enlisted  Flyer 

Ranch  Hand 

158 

7.96 

0.02  (-0.26,0.29) 

0.892 

Comparison 

198 

7.94 

Enlisted 

Ranch  Hand 

417 

8.00 

-0.01  (-0.17,0.16) 

0.945 

Groundcrew 

Comparison 

559 

8.01 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  18-21.  (Continued) 
Analysis  of  Thyroxine  (T4)  (/tg/dl) 
(Continuous) 


c)  MODEL  2:  RANCH  HAM)S  —  INITIAL  DIOXIN  —  UNADJUSTED 


d)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN  -  ADJUSTED 


“  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  ^te  of  the  blood  draw  for  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 


Analysis  Results  for  Log2  (Initial  Dioxin)^ 

Adj.  Slope 

R*  (Std.  Error)  p-Value  Covariate  Remarks 

0.023  -0.0101  (0.0500)  0.839  RACE  (p=0.060) 

OCC  (p =0.069) 


Initial  Dioxin  Category  Summary  Statistics 


Adj. 


initial  Dioxin 

n 

Mean** 

Low 

170 

7.72 

Medium 

171 

7.49 

High 

168 

7.64 
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Table  18-21.  (Continued) 
Analysis  of  Thyroxine  (T4)  (/tg/dl) 
(Continuous) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  UNADJUSTED 


Dioxin  Category 

n 

Mew 

Adj. 

Mean® 

DiRerence  of  Adj. 

Mean  vs.  Ccnnparisons 
(95%  C.L) 

p-Value 

Comparison 

1,027 

7.80 

7.80 

Background  RH 

365 

7.68 

7.70 

-0.10  (-0.26,0.06) 

0.218 

LowRH 

254 

7.86 

7.85 

0.05  (-0.14,0.23) 

0.617 

High  RH 

255 

7.84 

7.82 

0.02  (-0.16,0.20) 

0.831 

Low  plus  High  RH 

509 

7.85 

7.83 

0.03  (-0.11,0.17) 

0.646 

f)  model  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

Difference  of  Adj. 

Adj. 

Mean  vs.  Comparisons 

Dioxin  Cat^ory 

n 

Mean'’ 

(95%C.L) 

p-Value 

Covariate  Remarks 

Comparison 

1,026 

7.75 

0.01  (-0.15,0.17) 

0.874 

AGE  (p =0.147) 

OCC  (p <0.001) 
RACE*PERS  (p =0.048) 

Background  RH 

365 

7.76 

LowRH 

253 

7.79 

0.04  (-0.14,0.22) 

0.645 

High  RH 

255 

7.61 

-0.14  (-0.32,0.05) 

0.143 

Low  plus  High  RH 

508 

7.70 

-0.05  (-0.19,0.09) 

0.500 

“  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks”  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  18-21.  (Continued) 
Analysis  of  Thyroxine  (T4)  (fig/dl) 
(Continuous) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  —  CURRENT  DIOXIN  -  UNADJUSTED 


ModeE 

Low 

Current  Dioxin  Category 
Mean/(n) 

Medium 

R* 

Analysis  Results  for  Log2 
(Cuirait  Dioxin  +  1) 

Slope  ’ 

(Std.  Error)  p-Value 

High 

4 

7.70 

7.82 

7.82 

0.003 

0.0532 

0.085 

(291) 

(290) 

(293) 

(0.0308) 

5 

7.74 

7.74 

7.85 

0.002 

0.0384 

0.147 

(296) 

(288) 

(290) 

(0.0264) 

6** 

7.73 

7.74 

7.86 

0.003 

0.0469 

0.101 

(295) 

(288) 

(290) 

(0.0286) 

h)  MODELS  4,  5,  AND  6:  RANCH  HANT)S  -  CURRENT  DIOXIN  -  ADJUSTED 


Current  Dioxin  Category 
Adjusted  Mean/(n) 

(Current  Dioxin  +  1) 

Model® 

Low 

Medium 

High 

R* 

Adj.  Slope 
(Std.  Error) 

p-Vaiue 

Covariaite  Remarks 

4 

7.67 

(291) 

7.70 

(289) 

7.48 

(293) 

0.030 

-0.0228 

(0.0350) 

0.515 

RACE  (p=0.061) 

OCC  (p<0.001) 

PERS  (p =0.125) 

5 

7.71 

(296) 

7.63 

(287) 

7.53 

(290) 

0.030 

-0.0243 

(0.0295) 

0.411 

RACE  (p =0.058) 

OCC  (p <0.001) 

PERS  (p=0.126) 

6" 

7.71 

(295) 

7.63 

(287) 

7.53 

(290) 

0.031 

-0.0215 

(0.0320) 

0.503 

RACE  (p=0.053) 

OCC  (p< 0.001) 

PERS  (p=0.143) 

^  Model  4:  Log2  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Log2  (whole-weight  current  dioxin  +  1). 

Model  6:  Log2  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

^  Adjusted  for  log2  total  lipids, 

^  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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Table  18-22. 

Analysis  of  Thyroxine  (T4) 
(Discrete) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  UNADJUSTED 

Occupational  Category  Group 

Perceat 

Abnormal  Risk 

n  Low  (95%  C.I.) 

p-Value 

All 

Ranch  Hand 

932 

0.6 

1.00  (0.34,2.88) 

0.999 

Comparison 

1,237 

0.6 

Officer 

Ranch  Hand 

357 

1.4 

1.35  (0.39,4.70) 

0.880 

Comparison 

480 

1.0 

Enlisted  Flyer 

Ranch  Hand 

158 

0.6 

- 

-- 

Comparison 

198 

0.0 

Enlisted  Groundcrew 

Ranch  Hand 

417 

0.0 

- 

- 

Comparison 

559 

0.5 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 


Occupational  Category 

Adj.  Relative  Risk 

p- Value 

Covariate  Remarks® 

All 

1.00  (0.35,2.91) 

0.996 

OCC  (p =0.044) 

Officer 

L35  (0.39,4.70) 

0.880 

Enlisted  Flyer 

- 

- 

Enlisted  Groundcrew 

- 

- 

^  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 

Adjusted  relative  risk,  confidence  interval,  and  p-value  not  presented  due  to  the  sparse  number  of 
abnormalities. 
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Table  18-22.  (Continued) 
Analysis  of  Thyroxine  (T4) 
(Discrete) 


c)  MODEL  2:  RANCH  HANDS  —  INmAL  DIOXIN  —  UNADJUSTED 


Initial  IHoxih  Cat^oiy  Summaiy  Statistics 

Percent 

Abnonnai 

Initial  Dioxin  n  Low 


Analysis  Resiilts  for  Logj  (Initial  Dioxin)^ 


Estimated  Rdative  Risk 
(95%  C.L)^ 


p-Value 


Low 

170 

0.0 

1.06  (0.43,2.57) 

0.903 

Medium 

171 

1.2 

High 

168 

0.6 

d)MODEL2:  RANCH  HANDS— INmAL  DlOXm—^  _ 

Analysis  Results  for  Log^  (Initial  Dioxin)*^ 

n  Adj.  Relative  Risk  (95%  C.I.)'’  p^Value  Covariate  Remarks 

509 _ 6.55  (1.02,42.10) _ 0.028 _ OCC  (p=0.004) _ 

“  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

**  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

‘  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  18-22.  (Continued) 
Analysis  of  Thyroxine  (T4) 
(Discrete) 


€)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  UNADJUSTED 


Dionn  Category 

:  Percent 

n  Abnormal  Low 

Est.  Relative  Risk 
(95%  C.L)^ 

p-Value 

Comparison 

1,027 

0.8 

Background  RH 

365 

0.5 

0.74 

(0.16,3.56) 

0.712 

LowRH 

254 

0.4 

0.47 

(0.06,3.83) 

0.484 

HighRH 

255 

0.8 

0.95 

(0.20,4.55) 

0.947 

Low  plus  High  RH 

509 

0.6 

0.71 

(0.19,2.71) 

0.617 

f)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  ADJUSTED 

Dioxin  Category 

n 

Adj.  Relative  Risk 
(95%  C.I.)“ 

p-Value 

Covariate  Rwnarks 

Comparison 

1,027 

OCC  (p=0.039) 

Background  RH 

365 

0.52  (0.11,2.54) 

0.423 

Low  RH 

254 

0.45  (0.06,3.69) 

0.459 

High  RH 

255 

2.15  (0.36,12.81) 

0.400 

Low  plus  High  RH 

509 

0.91  (0.23,3.57) 

0.895 

®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  18-22.  (Continued) 
Analysis  of  Thyroxine  (T4) 
(Discrete) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  UNADJUSTED 


Current  Dioxin  Category 

Percent  Abnonna!  Low/(i0 

Analyms  Results  for  Log2 
v  ^  ^  (Current  Woxin -t-  1) 

ModeP 

Low 

Medium 

High 

Est.  Rdative  Risk 
(95%  C.I.)'» 

p-Value 

4 

0.3 

(291) 

0.7 

(290) 

0.7 

(293) 

1.08  (0.60,1.95) 

0.789 

5 

0.3 

(296) 

0.7 

(288) 

0.7 

(290) 

1.13  (0.68,1.89) 

0.639 

6= 

0.3 

(295) 

0.7 

(288) 

0.7 

(290) 

1.05  (0.60,1.83) 

0.868 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  —  ADJUSTED 


Analysis  Results  for  Log2  (Current  Dioxin  +1) 

ModeP 

n 

Adj.  Relative  Risk 
(95%  C.!.)” 

p-Value 

Covariate  Remarks 

4 

874 

3.22  (1.08,9.63) 

0.030 

OCC  (p=0.004) 

5 

874 

2.60  (1.11,6.10) 

0.025 

OCC  (p=0.004) 

6** 

873 

2.83  (0.97,8.24) 

0.043 

OCC  (p=0.005) 

Model  4:  Log2  (lipid-adjusted  current  dioxin  -I-  1). 

Model  5:  Log2  (whole-weight  current  dioxin  -I-  1). 

Model  6;  Log2  (whole-weight  current  dioxin  -f  1),  adjusted  for  log2  total  lipids. 


Relative  risk  for  a  twofold  increase  in  current  dioxin. 

Adjusted  for  log2  total  lipids. 

**  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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officers,  there  was  no  significant  difference  between  Ranch  Hands  and  Comparisons  in  either 
the  unadjusted  or  adjusted  analyses  (Table  18-22(a,b);  p=0.880  for  both  contrasts). 

The  unadjusted  analyses  for  Models  2  and  3  did  not  show  a  significant  association 
between  discrete  thyroxine  and  dioxin  (Table  18-22(c,e):  p>0.48  for  all  analyses).  Adjusting 
for  occupation  in  the  Model  2  analysis  led  to  a  significant  initial  dioxin  effect  (Table 
18-22(d):  p=0.028,  Adj.  RR=6.55).  However,  for  the  Model  3  analysis,  adjusting  for 
occupation  did  not  reveal  a  significant  association  between  thyroxine  and  categorized  dioxin 
(Table  18-22(f):  p>0.40  for  all  contrasts). 

None  of  the  Model  4  through  6  unadjusted  analyses  detected  a  significant  association 
between  discrete  thyroxine  and  current  dioxin  (Table  18-22(g):  p>0.63  for  all  analyses). 
However,  adjustment  for  occupation  led  to  a  significant  dioxin  effect  in  each  of  the  three 
adjusted  analyses,  the  relative  risk  being  greater  than  2.5  in  each  case  (Table  18-22(h): 
p=0.030,  Adj.  RR=3.22  for  Model  4;  p=0.025,  Adj.  RR=2.60  for  Model  5;  and  p=0.043,  Adj. 
RR=2.83  for  Model  6). 

Anti-Thyroid  Antibodies 

The  overall  unadjusted  contrast  for  Ranch  Hands  versus  Comparisons  was  marginally 
significant  in  the  Model  1  analysis  of  anti-thyroid  antibodies  (Table  18-23(a):  p=0.071,  Est. 
RR=1.62).  In  the  Ranch  Hand  category,  3.9  percent  had  anti-thyroid  antibodies  present  in 
contrast  to  2.4  percent  for  the  Comparison  group.  When  investigated  within  the  three 
occupational  levels,  however,  the  difference  was  nonsignificant  (p>0.18  for  all  contrasts).  No 
covariates  were  retained  in  the  adjusted  analysis;  therefore,  these  results  are  identical  to  those 
of  the  unadjusted  analysis. 

In  the  Model  2  analyses  of  anti-thyroid  antibodies,  the  association  with  initial  dioxin  was 
not  significant  (Table  18-23(c,d):  p>0.54  for  both  the  unadjusted  and  adjusted  analyses).  The 
age-by-personality  type  interaction  was  significant  for  the  adjusted  model. 

For  Model  3,  significant  differences  between  both  low  and  low  plus  high  Ranch  Hands 
and  Comparisons  were  shown  in  the  unadjusted  analysis  (Table  18-23(e):  p=0.060,  Est. 
RR=1.97,  for  low  Ranch  Hands  vs.  Comparisons  and  p=0.048,  Est.  RR=1.80  for  low  plus 
high  Ranch  Hands  vs.  Comparisons).  In  the  dioxin  categories,  4.7  percent  of  the  low  Ranch 
Hands  and  4.3  percent  of  the  low  plus  high  Ranch  Hands  had  anti-thyroid  antibodies  present 
compared  to  2.4  percent  of  the  Comparisons.  The  results  of  the  adjusted  analysis  duplicated 
those  of  the  unadjusted  analysis  because  no  covariates  were  significant. 

None  of  the  unadjusted  and  adjusted  Model  4  through  6  analyses  detected  a  sigmficant 
association  between  current  dioxin  and  the  presence  of  anti-thyroid  antibodies  (Table 
18-23(g,h):  p>0.56  for  all  analyses).  The  age-by-personality  type  interaction  was  significant 
in  each  of  the  adjusted  analyses. 
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Table  18-23. 

Analysis  of  Anti-Thyroid  Antibodies 


a)  MODEL  1;  RANCH  HANDS  VS. 

COMPARISONS 

-UNADJUSTED 

Occupational  Caiegoty 

Group 

u 

Percent 

Present 

Est.  Relative  Risk 
(9S%C.I.) 

p-Value 

All 

Ranch  Hand 

932 

3.9 

1.62  (0.99,2.64) 

0.071 

Comparison 

1,237 

2.4 

Officer 

Ranch  Hand 

357 

3.9 

1.36  (0.64,2.89) 

0.545 

Comparison 

480 

2.9 

Enlisted  Flyer 

Ranch  Hand 

158 

4.4 

3.01  (0.77,11.85) 

0.183 

Comparison 

198 

1.5 

Enlisted  Groundcrew 

Ranch  Hand 

417 

3.6 

1.57  (0.74,3.33) 

0.325 

Comparison 

559 

2.3 

(  RANCH  HANDS  VS.  COMPARISONS  - 

ADJUSTED 

Occupational  Category 

Adj.  Relative  Risk 

p-Value 

Covariate  Remarks® 

All 

1.62  (0.99,2.64) 

0.071 

Officer 

1.36  (0.64,2.89) 

0.545 

Enlisted  Flyer 

3.01  (0.77,11.85) 

0.183 

Enlisted  Groundcrew 

1.57  (0.74,3.33) 

0.325 
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Table  18-23.  (Continued) 
Analysis  of  Anti-Thyroid  Antibodies 


c)  MODEL  2:  RANCH  HANDS  -  INIHAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Percent 


Analysis  Results  for  Logi  initial  Dioxin)* 
Estimated  Relative  Risk 


biitial  Dioxin 

n 

Present 

(95%  C.!.)** 

p-Value 

Low 

170 

5.3 

0.92  (0.66,1.30) 

0.644 

Medium 

171 

3.5 

High 

168 

4.2 

d)  MODEL  2:  RANCH  HANT)S  —  INITIAL  DIOXIN  —  ADJUSTED  _ 

Analysis  Results  for  Logj  iJnitid  Dioxiny 

n  A(lj.  Relative  Risk  (95%  C.I.)^  p-Value  Covariate  Remarks 

508  _ 0.89  (0.62,1.29) _ 0.543 _ AGE*PERS  (p  =0.036) 

*  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

**  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  imder  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  18-23.  (Continued) 
Analysis  of  Anti-Thyroid  Antibodies 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

UNADJUSTED 

Dioxin  Category 

n 

Percent 

Present 

Est.  Relative  Risk 
(95%  C.!.)* 

p-Value 

Comparison 

1,027 

2.4 

Background  RH 

365 

3.6 

1.48  (0.74,2.94) 

0.266 

Low  RH 

254 

4.7 

1.97  (0.97,3.98) 

0.060 

HighRH 

255 

3.9 

1.64  (0.78,3.48) 

0.195 

Low  plus  High  RH 

509 

4.3 

1.80(1.00,3.24) 

0.048 

f)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  ADJUSTED 

Dioxin  Categoiy 

n 

Adj.  Relative  Risk 

p-Vaiue 

Covariate  Remarks 

Comparison 

1,027 

Background  RH 

365 

1.48  (0.74,2.94) 

0.266 

LowRH 

254 

1.97  (0.97,3.98) 

0.060 

HighRH 

255 

1.64  (0.78,3.48) 

0.195 

Low  plus  High  RH 

509 

1.80  (1.00,3.24) 

0.048 

^  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand);  Current  Dioxin  >  10  ppt,  Initial  Dioxin  >  143  ppt. 
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Table  18-23.  (Continued) 
Analysis  of  Anti-Thyroid  Antibodies 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  —  CURRENT  DIOXIN  -  UNADJUSTED 

-  ■ 

Current  Dioxin  Cat^ory 
Percent  Present/(n) 

Analysis  Results  for  Log2 
(Currrait  Dioxin  +  1) 

Model^ 

Low 

Medium 

High 

Est.  Rdative  Risk 

(95%  C.I.)'’  p-Value 

4 

3.4 

(291) 

4.8 

(290) 

3.8 

(293) 

1.03  (0.82,1.30)  0.776 

5 

3.0 

(296) 

5.2 

(288) 

3.8 

(290) 

1.06  (0.87,1.29)  0.563 

6" 

3.1 

(295) 

5.2 

(288) 

3.8 

(290) 

1.01  (0.82,1.26)  0.903 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  - 

CURRENT  DIOXIN  —  ADJUSTED 

Analysis  Results  for  Log2  (Current  Dioxin I) 

ModeP 

n 

Adj.  Relative  Risk 
(95%  C-I.)'’ 

p- Value 

Covariate  Remarks 

4 

873 

1.02  (0.80,1.30) 

0.866 

AGE*PERS  (p =0.022) 

5 

873 

1.05  (0.85,1.29) 

0.644 

AGE*PERS  (p=0.024) 

6^ 

872 

1.00  (0.80,1.25) 

0.999 

AGE*PERS  (p=0.022) 

^  Model  4:  Log2  (lipid-adjusted  current  dioxin  -1-1). 

Model  5:  Log2  (whole-weight  current  dioxin  -1-1). 

Model  6:  Log2  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 


Relative  risk  for  a  twofold  increase  in  current  dioxin. 

Adjusted  for  log2  total  lipids. 

^  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6;  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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Fasting  Glucose  (All  Participants — Continuous) 

The  difference  in  mean  fasting  glucose  levels  between  Ranch  Hands  and  Comparisons 
was  not  statistically  significant  in  either  the  Model  1  unadjusted  or  adjusted  analyses  (Table 
18-24(a,b):  p>0.14  for  all  analyses).  The  race-by-occupation,  age-by-race,  age-by-body  fat, 
and  body  fat-by-family  history  of  diabetes  interactions  were  retained  in  the  adjusted  analysis. 

The  association  between  fasting  glucose  and  dioxin  was  not  significant  in  either  of  the 
unadjusted  analyses  for  Models  2  and  3  (Table  18-24(c,e):  p>0.10  for  all  analyses).  In  the 
Model  2  adjusted  analysis,  a  significant  interaction  between  initial  dioxin  and  occupation  was 
revealed  (Table  18-24(d):  p=0.013).  Appendix  Table  N-2-10  displays  the  results  stratified  by 
occupation.  A  highly  significant  dioxin  effect  remained  after  deleting  the  interaction  from  the 
final  model  (p=0.003,  Slope=0.0248).  The  respective  adjusted  means  for  fasting  glucose  for 
the  low,  medium,  and  high  categories  of  initial  dioxin  were  110.27  mg/dl,  112.56  mg/dl,  and 
117.28  mg/dl.  Additional  covariates  retained  in  the  adjusted  analysis  were  age,  race,  body  fat, 
and  the  personality  type-by-family  history  of  diabetes  and  occupation-by-family  history  of 
diabetes  interactions. 

Analogous  to  the  Model  2  analysis,  the  interaction  between  categorized  dioxin  and 
occupation  was  significant  in  the  Model  3  adjusted  analysis  (Table  18-24(f):  p=0.015). 
Appendix  Table  N-2-10  contains  additional  information  on  this  interaction.  Removal  of  the 
interaction  from  the  final  model  led  to  a  marginally  significant  difference  in  mean  fasting 
glucose  levels  between  Ranch  Hands  in  the  high  category  and  the  Comparison  group 
(p=0.067,  Diff.  of  Adj.  Means=2.74).  The  adjusted  fasting  glucose  mean  for  high  Ranch 
Hands  was  110.16  mg/dl  compared  to  107.43  mg/dl  for  Comparisons.  Family  history  of 
diabetes  and  the  age-by-body  fat  and  race-by-occupation  interactions  were  significant  in  the 
adjusted  analysis. 

Each  of  the  unadjusted  Model  4  through  6  analyses  detected  a  highly  significant  positive 
association  between  current  dioxin  and  fasting  glucose.  For  Model  4,  the  respective  mean 
fasting  glucose  levels  for  the  low,  medium,  and  high  categories  of  initial  dioxin  were  101.39 
mg/dl,  105.70  mg/dl,  and  106.41  mg/dl  (Table  18-24(g):  p<0.001,  Slope=0.0185).  For 
Model  5,  the  respective  means  were  101.34  mg/dl,  103.86  mg/dl,  and  108.43  mg/dl  (p<0.001, 
Slope=0.0193).  For  Model  6,  after  adjusting  for  total  lipids,  the  respective  means  were 
101.39  mg/dl,  103.86  mg/dl,  and  108.43  mg/dl  (p=0.005,  Slope=0.0116).  The  Model  4 
adjusted  analysis  of  fasting  glucose  detected  a  highly  significant  positive  association  with 
current  dioxin  (Table  18-24(h):  p<0.001,  SIope=0.0217).  Adjusted  fasting  glucose  means 
were  103.01  mg/dl,  105.50  mg/dl,  and  108.71  mg/dl  for  the  low,  medium,  and  high  categories 
of  current  dioxin.  In  the  Model  5  adjusted  analysis,  the  interaction  of  current  dioxin  and  body 
fat  was  significant  (p=0.044).  Further  analysis  of  this  interaction  is  found  in  Appendix  Table 
N-2-10.  After  deleting  the  interaction  from  the  final  model,  a  highly  significant  dioxin  effect 
remained  (p<0.001,  Slope=0.0214).  For  Model  5,  the  adjusted  means  for  the  low,  medium, 
and  high  ciurent  dioxin  categories  were  102.71  mg/dl,  103.84  mg/dl,  and  110.87  mg/dl.  For 
the  Model  6  adjusted  analysis,  the  association  between  fasting  glucose  and  current  dioxin  was 
again  highly  significant  (p=0.005,  Slope=0.0122).  Adjusted  means  for  fasting  glucose  in 
Model  6  were  106.81  mg/dl,  106.64  mg/dl,  and  110.94  mg/dl  for  the  low,  medium,  and  high 
current  dioxin  categories.  The  age-by-body  fat,  occupation-by-family  history  of  diabetes,  and 
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Table  18-24. 

Analysis  of  Fasting  Glucose  (mg/dl)  (All  Participants) 
(Continuous) 


a)  MODEL  1;  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


Occupational 

Gat^ory 

Group 

-■  :  n;’::;' 

Mean® 

Difference  of  Means 
(95%  C.I.)*> 

p-Value‘ 

All 

Ranch  Hand 

950 

104.29 

-0.05  - 

0.954 

Comparison 

1,277 

104.34 

Officer 

Ranch  Hand 

365 

105.13 

1.12  - 

0.414 

Comparison 

502 

104.01 

Enlisted  Flyer 

Ranch  Hand 

162 

103.95 

-3.49  - 

0.149 

Comparison 

202 

107.44 

Enlisted  Groundcrew 

Ranch  Hand 

423 

103.71 

0.14  - 

0.914 

Comparison 

573 

103.56 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  - 

ADJUSTED 

Occupational 

Adj. 

Difference  of  Adj. 

Category 

Group 

n 

Mean^ 

Means  (95%  C.I.)’’ 

p-Value^ 

Govariate  Remarks'* 

All 

Ranch  Hand 

932 

107.69 

0.01  ~ 

0.993 

RACE*OCC  (p=0.004) 

Comparison 

1,259 

107.68 

AGE*RACE  (p =0.030) 

AGE*BFAT  (p =0.009) 

Officer 

Ranch  Hand 

359 

101.25 

0.81  - 

0.540 

BFAT*FAMD1AB  (p  =0.020) 

Comparison 

499 

100.44 

Enlisted 

Ranch  Hand 

159 

111.29 

-3.13  - 

0.167 

Flyer 

Comparison 

197 

114.42 

Enlisted 

Ranch  Hand 

414 

109.74 

0.38  - 

0.779 

Groundcrew 

Comparison 

563 

109.36 

^  Transformed  from  the  natural  logarithm  scale. 

**  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
given  because  analysis  was  performed  on  natural  logarithm  scale. 

P-values  based  on  difference  of  means  on  natural  logarithm  scale. 

^  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  18-24.  (Continued) 

Analysis  of  Fasting  Glucose  (mg/dl)  (All  Participants) 
(Continuous) 


c)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Logj  (Initial  Dioxin)'’ 

Initial  Dioxin 

n 

Mean^ 

Adj. 

Mean®** 

R* 

Slope 

(Std.  Error)' 

p-Value 

Low 

173 

104.61 

105.03 

0.095 

0.0119  (0.0073) 

0.101 

Medium 

172 

104.71 

105.25 

High 

173 

108.92 

107.94 

d)  MODEL  2:  RANCH  HANDS  --  INmAL  DIOX^  -  ADJUSTED 


Initial  Dioxin  Category  Summary 
-Statistics  ", 


-  ■Adj.,,,:;::-:;::: 


Initial  Dioxin 

n 

Mean^ 

Low 

170 

110.27** 

Medium 

167 

112.56** 

High 

168 

117.28** 

Analysis  Results  for  Log2 

R^  (Std.  Error)^  p-Value 

0.201  0.0248  0.003** 

(0.0083)** 


(Initial  Dioxin)'^ 


Covariate  Ranarks 

INIT*OCC  (p =0.013) 
AGE  (p =0.005) 
RACE  (p=0.018) 
BEAT  (p=0.001) 
OCC*FAMDIAB  (p =0.002) 
PERS*FAMDIAB  (p =0.007) 


®  Transformed  from  natural  logarithm  scale. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Slope  and  standard  error  based  on  natural  logarithm  of  fasting  glucose  versus  log2  (initial  dioxin). 

**  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (initial  dioxin)-by-covariate  interaction  (0.01  <p<0.05);  adjusted  mean,  adjusted  slope,  standard  error, 
and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  N-2-10  for 
further  analysis  of  this  interaction. 

Note;  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  18-24.  (Continued) 

Analysis  of  Fasting  Glucose  (mg/dl)  (All  Participants) 
(Continuous) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNARTUSTED 


Dioxin  Category 

n 

Mean® 

Adj. 

Mean* 

Difference  of  Adj. 

Mean  vs.  Comparisons 
(95%  C.I.)‘= 

p-Value^ 

Comparison 

1,060 

104.05 

104.02 

Background  RH 

374 

102.35 

104.20 

0.18  - 

0.881 

Low  RH 

258 

104.98 

103.97 

-0.05  - 

0.971 

High  RH 

260 

107.16 

105.58 

1.56  - 

0.266 

Low  plus  High  RH 

518 

106.06 

104.77 

0.75  - 

0.486 

D  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

Difference  of  Adj* 

IMoxin  Cat^oiy 

..  'H  -  , 

Adj. 

Mean® 

Mean  vs.  Comparisons 
(95%C.L)‘' 

p-Value** 

Covariate  Remarks 

Comparison 

1,045 

107.43** 

DXCAT*OCC  (p=0.015) 
FAMDIAB  (p <0.001) 

Background  RH 

368 

107.14** 

-0.29  -** 

0.820** 

AGE*BFAT  (p=0.015) 
RACE*OCC  (p< 0.001) 

Lx)w  RH 

252 

106.65** 

-0.77  -** 

0.588** 

High  RH 

254 

110.16** 

2.74  — 

0.067** 

Low  plus  High  RH 

506 

108.40** 

0.97  -** 

0.385** 

®  Transformed  from  namral  logarithm  scale. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


Difference  of  adjusted  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of 
adjusted  means  not  given  because  analysis  was  performed  on  natural  logarithm  scale. 

**  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Categorized  dioxin-by-covariate  interaction  (0.01  <p^0.05);  adjusted  mean,  difference  of  adjusted  means, 
confidence  interval,  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to 
Appendix  Table  N-2-10  for  further  analysis  of  this  interaction. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  ^  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >10  ppt.  Initial  Dioxin  >143  ppt. 
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Table  18-24.  (Continued) 

Analysis  of  Fasting  Glucose  (mg/dl)  (All  Participants) 
(Continuous) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  UNADJUSTED 


ModeP 

Low 

Current  Dioxin  Gat^ory 
Mean^/(n) 

Medium 

Analysis  Results  for  Logj 
;  (Current  Dioxin  +  1) 

Slope  . 

(Std.  Error)*^  p-Value 

High 

4 

101.39 

0.018 

0.0185 

<0.001 

(295) 

(299) 

(298) 

(0.0046) 

5 

101.34 

103.86 

108.43 

0.026 

0.0193 

<0.001 

(300) 

(296) 

(296) 

(0.0039) 

6“ 

101.39 

103.86 

108.43 

0.053 

0.0116 

0.005 

(299) 

(296) 

(296) 

(0.0042) 

h)  MODELS  4>  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  ^  ADJUSTED 


Modd” 

Current  Dioxin  Cat(^ory  : 
Adjusted 

Low  Medium  High 

;i:.'Aty..'Slope::p;::"V-:i 

(Std.  ;1^  Covariate  Remarlts 

4 

103.01 

(290) 

105.50 

(294) 

108.71 

(290) 

0.102 

0.0217 

(0.0054) 

<0.001 

AGE*BFAT  (p =0.033) 
OCC*FAMDIAB  (p =0.028) 
BFAT*FAMDIAB 
(p =0.045) 

5 

102.71 

(296)** 

103.84 

(290)** 

110.87 

(288)** 

0.112 

0.0214 

(0.0046)** 

<0.001** 

CURR*BFAT  (p  =0.044) 
AGE*BFAT  (p =0.008) 
OCC*FAMDIAB  (p =0.023) 
BFAT*FAMDIAB 
(p=0.034) 

6® 

106.81 

(295) 

106.64 

(290) 

110.94 

(288) 

0.117 

0.0122 

(0.0044) 

0.005 

RACE  (p=0.075) 

BFAT  (p< 0.001) 
AGE*FAMDIAB  (p =0.036) 

®  Transformed  from  natural  logarithm  scale. 

’’  Model  4:  Log2  (lipid-adjusted  current  dioxin  -t-  1). 

Model  5:  Logj  (whole-weight  current  dioxin  -I-  1). 

Model  6:  Logj  (whole-weight  current  dioxin  4-  1),  adjusted  for  log2  total  lipids. 

'  Slope  and  standard  error  based  on  natural  logarithm  of  fasting  glucose  versus  log2  (current  dioxin  +  1). 
Adjusted  for  log2  total  lipids. 

®  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

**  Logj  (current  dioxin  -f-  l)-by-covariate  interaction  (0.01  <p  <0.05);  adjusted  mean,  adjusted  slope,  standard 
error,  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  N-2-10 
for  further  analysis  of  this  interaction. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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body  fat-by-family  history  of  diabetes  interactions  were  significant  in  the  Model  4  and  5 
analyses.  The  Model  6  analysis  retained  race,  body  fat,  and  the  of  age-by-family  history  of 
diabetes  interaction. 

Fasting  Glucose  (All  Participants — ^Discrete) 

For  Ranch  Hands  versus  Comparisons,  the  difference  in  the  percentages  of  participants 
with  abnormally  high  fasting  glucose  was  not  significant  in  the  Model  1  imadjusted  and 
adjusted  analyses  (Table  18-25(a,b):  p>0.69  for  all  contrasts).  Age,  race,  occupation,  body 
fat,  and  the  personality  type-by-family  history  of  diabetes  interaction  were  significant. 

No  significant  associations  between  fasting  glucose  and  dioxin  were  disclosed  in  the 
Model  2  and  3  unadjusted  and  adjusted  analyses  (Table  18-25(c-f):  p>0.28  for  all  analyses). 
Covariates  retained  in  the  Model  2  adjusted  analysis  included  age,  race,  body  fat,  and  the 
personality  type-by-family  history  of  diabetes  interaction.  The  Model  3  adjusted  analysis 
retained  age,  race,  and  family  history  of  diabetes. 

Each  of  the  Model  4  through  6  unadjusted  analyses  of  fasting  glucose  revealed  a 
significant  or  marginally  significant  association  with  current  dioxin.  For  Model  4,  the 
percentages  of  Ranch  Hands  with  abnormally  high  fasting  glucose  were  8.5  percent,  17.1 
percent,  and  14.8  percent  for  the  low,  medium,  and  high  dioxin  categories  (Table  18-2 5(g): 
p=0.011,  Est.  RR=1.18).  For  Models  5  and  6,  there  were  respectively  7.3  percent  and  7.4 
percent  participants  with  abnormally  high  fasting  glucose  in  the  low  dioxin  category  compared 
to  16.6  percent  for  each  of  the  medium  and  high  categories  (p=0.001,  Est.  RR=1.21  for  Model 
5  and  p=0.092,  Est.  RR=1.11  for  Model  6).  After  adjusting  for  significant  covariates,  the 
association  between  fasting  glucose  and  current  dioxin  remained  significant  for  Models  4  and 
5  but  became  nonsignificant  for  Model  6  (Table  18-25(h):  p=0.038,  Adj.  RR=1.18;  p=0.005, 
Adj.  RR=1.22;  and  p=0.156).  However,  subsequent  analysis  removing  body  fat  from  the  final 
analysis  for  Model  6  led  to  a  significant  association  with  current  dioxin  (Table  N-3-12: 
p=0.010,  Adj.  RR=1.20).  The  significant  covariates  were  age,  race,  body  fat,  and  the 
personality  type-by-family  history  of  diabetes  interaction,  for  Models  4  and  5,  and  age,  race, 
body  fat,  and  family  history  of  diabetes  for  Model  6. 

Fasting  Glucose  (Diabetics — Continuous) 

Results  from  the  Model  1  unadjusted  analysis  of  fasting  glucose  on  diabetics  were  not 
significant  (Table  18-26(a):  p>0.47  for  all  contrasts).  In  the  adjusted  analysis,  a  significant 
interaction  between  group  and  age  was  revealed  (Table  18-26(b):  p=0.031).  Appendix  Table 
N-2- 1 1  displays  the  results  from  further  investigation  of  the  interaction.  Subsequent  analysis 
with  the  interaction  deleted  from  the  final  model  did  not  show  significant  differences  in  mean 
fasting  glucose  between  Ranch  Hands  and  Comparisons  (p>0.58  for  all  contrasts).  The  age- 
by-occupation,  race-by-personality  type,  race-by-family  history  of  diabetes,  occupation-by¬ 
diabetic  severity,  and  body  fat-by-family  history  of  diabetes  were  significant  in  the  adjusted 
analysis. 

In  the  unadjusted  Model  2  analysis  restricted  to  diabetics  only,  a  significant  association 
between  fasting  glucose  and  initial  dioxin  was  revealed  (Table  18-26(c):  p=0.031. 
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Table  18-25. 

Analysis  of  Fasting  Glucose  (All  Participants) 
(Discrete) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 

—  UNADJUSTED 

Occupational  Categoiy 

Group 

n 

Percent 

Abnormal 

High 

:Est.  Relative  Risk  4 
(95%C.I.) 

p-Value 

All 

Rxmch  Hand 

950 

13.4 

1.03  (0.80,1.31) 

0.891 

Comparison 

1,277 

13.1 

Officer 

Ranch  Hand 

365 

13.2 

1.06  (0.71,1.58) 

0.874 

Comparison 

502 

12.5 

Enlisted  Flyer 

Ranch  Hand 

162 

14.2 

0.95  (0.53,1.71) 

0.979 

Comparison 

202 

14.9 

Enlisted  Groundcrew 

Ranch  Hand 

423 

13.2 

1.03  (0.71,1.49) 

0.956 

Comparison 

573 

12.9 

:  RANCH  HANDS  VSv 

COMPARISONS  -  ADJUSTED 

Adj.  Relative  Risk 

Occupational  Category 

(95%  C.I.) 

p-Value 

Covairiate  Remaiks^ 

All 

1.01  (0.78,1.32) 

0.912 

AGE  (p<0.001) 

Officer 

1.03  (0.68,1.58) 

0.874 

RACE  (p=0.002) 

OCC  (p=0.082) 

Enlisted  Flyer 

0.88  (0.47,1.65) 

0.693 

BFAT  (p< 0.001) 

Enlisted  Groundcrew 

1.06(0.71,1.59) 

0.784 

PERS*FAMD1AB  (p =0.031) 

^  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  18-25.  (Continued) 

Analysis  of  Fasting  Glucose  (All  Participants) 
(Discrete) 


c)  MODEL  2:  RANCH  HANDS  -  INITLAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Cat^ory  Summary  Statistics 

Analysis  Results  for  Logj  (biltial  Dioxin)^ 

Initial  Dioxin 

n 

Percent 

Abnormal 

High 

Estimated  Relative  Risk 
;  (95%C.I.)^ 

p-Vaiue 

Low 

173 

16.8 

0.96  (0.80,1.16) 

0.690 

Medium 

172 

15.1 

High 

173 

16.8 

d)  MODEL  2;  RANCH  HANDS  -■  INITIAL  DIOMN  - 

ADJUSTED 

Analysis  Results  for  Log2  (initial  Dioxin)'^ 

n 

Adj.  Relative  Risk  (95%  C.L)**  prValue 

Covariate  Remarits 

505 

1.03  (0.84,1.27)  0.747 

AGE  (p  <0.001) 

RACE  (p  =0.011) 

BEAT  (p =0.1 13) 
PERS*FAMDIAB  (p=0.003) 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

**  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

'  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  18-25.  (Continued) 

Analysis  of  Fasting  Glucose  (All  Participants) 
(Discrete) 


€)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  UNADJUSTED 


Percent 

£st.  Relative  Risk 

Dioxin  Category 

n 

Abnormal 

(95%  C.L)* 

p-Value 

Comparison 

1,060 

13.0 

Background  RH 

374 

9.6 

0.91  (0.61,1.35) 

0.628 

Low  RH 

258 

17.1 

1.23  (0.84,1.82) 

0.284 

High  RH 

260 

15.4 

1.00(0.67,1.50) 

0.983 

Low  plus  High  RH 

518 

16.2 

1.12(0.82,1.52) 

0.487 

D  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  ADJUSTED 

Adj  .  Relative  Risk 

Dioxin  Category 

n ... 

(95%  G.I.)“ 

p-Value 

Covariate  Remarks 

Comparison 

1,045 

AGE  (p< 0.001) 

RACE  (p=0.001) 

Background  RH 

368 

0.80  (0.53,1.21) 

0.281 

FAMDIAB  (p  =0.007) 

LowRH 

252 

1.09  (0.73,1.62) 

0.684 

HighRH 

254 

-1.18(0.78,1.80) 

0.430 

Low  plus  High  RH 

506 

1.13  (0.82,1.56) 

0.450 

*  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

*’  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  18-25.  (Continued) 

Analysis  of  Fasting  Glucose  (All  Participants) 
(Discrete) 


g)  MODELS  4,  5,  AM)  6:  RANCH  HAM)S  -  CDBKENT  DIOXIN  -  UNADJUSTED 


Current  Dioxin  Category 

Percent  Abnonnal  Ifigh/(n) 

Analysis  Results  for  Logj 
(Current  Dioxin  -f  1) 

& 

Low 

Medium 

High 

Est.  Relative  Risk 
(95%  C.!.)** 

p-Value 

4 

8.5 

(295) 

17.1 

(299) 

14.8 

(298) 

1.18  (1.04,1.34) 

0.011 

5 

7.3 

(300) 

16.6 

(296) 

16.6 

(296) 

1.21  (1.08,1.36) 

0.001 

6" 

7.4 

(299) 

16.6 

(296) 

16.6 

(296) 

1.11  (0.98,1.26) 

0.092 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURREI^  DIOXIN  -  ADJUSTED 


Analysis  Results  for  Logj  CCun-ent  Dioxin  +  1) 

Model" 

n 

Adj.  Relative  Risk 
(95%  C.r.)” 

p-Value 

Covariate  Remarks 

4 

873 

1.18  (1.01,1.38) 

0.038 

AGE  (p  <0.001) 

RACE  (p =0.0 19) 

BEAT  (p <0.001) 
PERS*FAMDIAB  (p=0.037) 

5 

873 

1.22  (1.06,1.40) 

0.005 

AGE  (p<  0.001) 

RACE  (p =0.0 16) 

BEAT  (p<0.001) 
PERS*EAMDIAB  (p =0.044) 

6“ 

873 

1.11  (0.96,1.29) 

0.156 

AGE  (p  <0.001) 

RACE  (p =0.006) 

BEAT  (p<0.001) 

EAMDIAB  (p=0.041) 

“  Model  4:  Log2  (lipid-adjusted  current  dioxin  -1-1). 

Model  5:  Logj  (whole-weight  current  dioxin  -I-  1). 

Model  6:  Logj  (whole-weight  current  dioxin  -I-  1),  adjusted  for  log2  total  lipids. 

Relative  risk  for  a  twofold  increase  in  current  dioxin. 

Adjusted  for  log2  total  lipids. 

^  Adjusted  for  logj  total  lipids  in  addition  to  covariates  specified  under  ‘Covariate  Remarks*  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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Table  18-26, 

Analysis  of  Fasting  Glucose  (mg/dl)  (Diabetics) 
(Continuous) 


a)  MODEL  1:  R^CH  HANDS  VS.  COMPARISONS 


Occupational 

Category 

Group 

n 

Mean® 

Difference  of  Means 
(95%  C.I.)*’ 

p-Value'^ 

All 

Ranch  Hand 

142 

140.11 

-3.43  ~ 

0.533 

Comparison 

179 

143.54 

Officer 

Ranch  Hand 

55 

141.34 

-6.59  - 

0.472 

Comparison 

58 

147.92 

Enlisted  Flyer 

Ranch  Hand 

25 

141.79 

-2.75  ~ 

0.841 

Comparison 

36 

144.54 

Enlisted  Groundcrew 

Ranch  Hand 

62 

138.36 

-1.85  - 

0.820 

Comparison 

85 

140.21 

b)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  - 

ADJUSTED 

Occupational 

Adj. 

DiHerence  of  Adj . 

Category 

Group 

n 

Mean® 

Means  (95%  C.I.)^* 

p-Value® 

Covariate  Remarks'* 

All 

Ranch  Hand 

137 

156.94** 

-2.85  -** 

0.613** 

GROUP* AGE  (p  =0.031) 

Comparison 

177 

159.79** 

AGE*OCC  (p =0.009) 

RACE*PERS  (p =0.039) 

Officer 

Ranch  Hand 

53 

165.33** 

-5.49  -** 

0.589** 

RACE*FAMDIAB  (p=0.027) 

Comparison 

58 

170.82** 

OCC*DIABSEV  (p  <0.001) 

Enlisted 

Ranch  Hand 

24 

153.01** 

-3.68  -** 

.  0.781** 

BFAT*FAMDIAB  (p=0.001) 

Flyer 

Comparison 

34 

156.69** 

Enlisted 

Ranch  Hand 

60 

152.28** 

-0,74  -** 

0.926** 

Groundcrew 

Comparison 

85 

153.02** 

^  Transformed  from  the  natural  logarithm  scale. 

^  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
given  because  analysis  was  performed  on  natural  logarithm  scale. 

^  P-values  based  on  difference  of  means  on  natural  logarithm  scale. 

^  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data, 

**  Group-by -covariate  interaction  (0.01  <p<0.05);  adjusted  mean,  difference  of  adjusted  means,  confidence 
interval  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table 
N-2-11  for  further  analysis  of  this  interaction. 
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Table  18-26.  (Continued) 

Analysis  of  Fasting  Glucose  (mg/dl)  (Diabetics) 
(Continuous) 


c)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Logj  (Initial  Dioxin)*’ 

Diitia!  Dioxin 

n 

Mean*‘ 

Adj. 

Mean^ 

R^ 

Slope 

(Std.  Error)® 

p-Value 

Low 

31 

130.76 

132.71 

0.134 

0.0529  (0.0242) 

0.031 

Medium 

31 

138.17 

139.80 

High 

34 

164.76 

160.82 

d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  —  ADJUSTED 


Initial  Dioxin  Category  Summary 

"■'■^.'i'j./'SStatistics 


A4j. 


Initial  Dioxin 

:.-:v:.  .xn  . 

,  :'Mean®*:X 

Low 

31 

157.21 

Medium 

31 

162.82 

High 

34 

184.05 

R^ 


Analysis  Results  for  Logj  (Initial  Dioxin)** 


(Std,  Erroi)*" 


0.343  0.0431  (0.0225)  0.059  RACE  (p =0.087) 

BEAT  (p=0.020) 
DIABSEV  (p=0.005) 


®  Transformed  from  natural  logarithm  scale. 

**  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


Slope  and  standard  error  based  on  namral  logarithm  of  fasting  glucose  versus  logj  (initial  dioxin). 

**  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  imder  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  18-26.  (Continued) 

Analysis  of  Fasting  Glucose  (mg/dl)  (Diabetics) 
(Continuous) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


Dioxin  Category 

n 

Mean^ 

IMfference  of  AdJ.  Mean  vs. 

AdJ.  Mean^  Comparisons  (95%  C.I.)‘  p- Value' 

Comparison 

148 

142.19 

141.80 

Background  RH 

42 

131.44 

135.64 

-6.16- 

0.463 

LowRH 

49 

132.99 

132.19 

-9.62  - 

0.210 

HighRH 

47 

157.47 

155.41 

13.61  - 

0.108 

Low  plus  High  RH 

96 

144.46 

143.09 

1.28  - 

0.838 

f)  MODEL  3:  RANCH  HANDS  AND^  BY  DIOXIN  CATEGORY  —  ADJUSTED 


of  Adj. 


Mean  vs*  Comparisons 

Dioxin  Categoiy 

n 

Mean“ 

(95%  C-I-f 

p-Value** 

Covariate  Remarks 

Comparison 

.147 

159.30 

AGE*OCC  (p <0.001) 
AGE*DIABSEV  (p=0.025) 

Background  RH 

39 

161.35 

2.05  - 

0.825 

RACE*PERS  (p=0.026) 
OCC*DIABSEV  (p<  0.001) 

LowRH 

48 

146.68 

-12.62  - 

0.112 

BFAT*FAMD1AB  (p =0.023) 

HighRH 

46 

168.57 

9.26  - 

0.289 

Low  plus  High  RH 

94 

157.01 

-2.29  - 

0.718 

^  Transformed  from  natural  logarithm  scale. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Difference  of  adjusted  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of 
adjusted  means  not  given  because  analysis  was  performed  on  natural  logarithm  scale. 

^  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  18-26.  (Continued) 

Analysis  of  Fasting  Glucose  (mg/dl)  (Diabetics) 
(Continuous) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  UNADJUSTED 


Model*’ 

-  .  Current  Dioxin  Category 

Mean®/(n) 

Low  Medium  Ifigh 

Analj^is  R^ults  for  Log2 
(CttiT«nt  Dioxin  +  1) 

Slope 

R^  (Std.  Error)^  p-Value 

4 

128.30 

135.91 

152.07 

0.072 

0.0603 

0.001 

(28) 

(56) 

(54) 

(0.0185) 

5 

131.30 

124.92 

161.22 

0.089 

0.0558 

<0.001 

(26) 

(54) 

(58) 

(0.0153) 

6<* 

137.72 

126.76 

155.67 

0.117 

0.0389 

0.025 

(26) 

(54) 

(58) 

(0.0172) 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  ADJUSTED 


Model” 

Current  Dioxin  Category 
Adjusted  MeanV(n) 

Low  Medium  High 

R^ 

Analysis  Results  for  Logj 
(Current  Dioxin  +  1) 

Adj^  Slope 

(Std.  Error)'  p-Value  Covariate  Remarks 

4 

161.99 

(26) 

160.48 

(55) 

178.30 

(52) 

0.400 

0.0442 

(0.0219) 

0.046 

RACE  (p=0.128) 

BEAT  (p=0.068) 
OCC*DIABSEV  (p=0.010) 
FAMDIAB*DIABSEV 

(p =0.020) 

5 

169.50 

(24) 

149.54 

(53) 

189.42 

(56) 

0.408 

0.0429 

(0.0177) 

0.017 

RACE(p=0.116) 

BEAT  (p =0.095) 
OCC*DIABSEV  (p=0.015) 
EAMDIAB*DIABSEV 
(p  =0.024) 

6" 

174.95 

(24) 

151.27 

(53) 

184.18 

(56) 

0.421 

0.0266 

(0.0204) 

0.195 

RACE  (p =0.1 12) 

BEAT  (p =0.099) 
OCC*DIABSEV  (p=0.015) 
EAMDIAB*DIABSEV 

(p =0.028) 

®  Transformed  from  namral  logarithm  scale. 

**  Model  4:  Log2  (lipid-adjusted  current  dioxin  -I-  1). 

Model  5:  Logj  (whole-weight  current  dioxin  +  1). 

Model  6:  Logj  (whole-weight  current  dioxin  -1-  1),  adjusted  for  log2  total  lipids. 

Slope  and  standard  error  based  on  natural  logarithm  of  fasting  glucose  versus  log^  (current  dioxin  +  1). 
**  Adjusted  for  logj  total  lipids. 

®  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 


18-146 


Slope=0.0529).  With  adjustment  for  percent  body  fat  at  the  time  of  duty  in  SEA,  and  change 
in  percent  body  fat  from  the  time  of  duty  in  SEA  to  the  date  of  the  blood  draw  for  dioxin, 
mean  fasting  glucose  levels  were  132.71  mg/dl  and  139.80  mg/dl  for  the  low  and  medium 
initial  dioxin  categories  in  contrast  to  160.82  mg/dl  for  the  high  category.  After  adjusting  for 
race,  body  fat,  and  diabetic  severity,  the  dioxin  effect  remained  significant  (Table  18-26(d): 
p=0.059,  Slope=0.0431).  The  adjusted  fasting  glucose  level  was  again  greater  for  the  high 
dioxin  category  (184.05  mg/dl)  than  for  the  low  and  medium  categories  (157.21  mg/dl  and 
162.82  mg/dl). 

No  statistically  significant  differences  in  mean  fasting  glucose  between  the  Ranch  Hand 
dioxin  categories  and  the  Comparison  group  were  evident  from  either  the  unadjusted  or 
adjusted  Model  3  analyses  (Table  18-26(e,:0‘  p>0.10  for  all  contrasts).  The  age-by¬ 
occupation,  age-by-diabetic  severity,  race-by-personality  type,  occupation-by-diabetic  severity, 
and  body  fat-by  family  history  of  diabetes  interactions  were  significant  in  the  adjusted 
analysis. 

Significant  positive  associations  between  ciurent  dioxin  and  fasting  glucose  in  diabetics 
were  seen  in  each  of  the  unadjusted  Model  4  through  6  analyses.  For  Model  4,  average 
fasting  glucose  levels  for  the  low,  medium,  and  high  dioxin  categories  were  128.30  mg/dl, 
135.91  mg/dl,  and  152.07  mg/dl  respectively  (Table  18-26(g):  p=0.001,  Slope=0.0603).  For 
Model  5,  the  respective  means  for  fasting  glucose  were  131.30  mg/dl,  124.92  mg/dl,  and 
161.22  mg/dl  (p<0.001,  Slope=0.0558)  and  for  Model  6,  the  respective  means  were  137.72 
mg/dl,  126.76  mg/dl,  and  155.67  mg/dl  (p=0.025,  Slope=0.0389). 

In  the  adjusted  analyses,  the  current  dioxin  effect  remained  significant  for  Models  4  and 
5  but  became  nonsignificant  for  Model  6  (Table  18-26(h):  p=0.046,  Slope=0.0442  for  Model 
4;  p=0.017,  Slope=0.0429  for  Model  5;  and  p=0.195,  Slope=0.0266  for  Model  6).  For  Model 
4,  the  adjusted  means  were  161.99  mg/dl  for  the  low  dioxin  category  and  160.48  mg/dl  for 
the  medium  category  in  comparison  to  178.30  mg/dl  for  the  high  category.  A  similar  pattern 
was  seen  in  the  adjusted  means  for  Model  5  'with  an  average  fasting  glucose  level  of  169.50 
mg/dl  in  the  low  category,  149.54  mg/dl  in  the  medium  category,  and  189.42  mg/dl  in  the 
high  category.  For  Models  4,  5,  and  6,  race,  body  fat,  and  the  occupation-by-diabetic  severity 
and  family  history  of  diabetes-by-diabetic  severity  interactions  were  retained.  For  Model  6, 
removal  of  occupation  and  body  fat  from  the  final  model  led  to  a  marginally  significant 
association  between  fasting  glucose  in  diabetics  and  current  dioxin  (Appendix  Table  N-3-13: 
p=0.057,  Slope=0.0345).  For  the  low,  medium,  and  high  categories  of  initial  dioxin,  the 
adjusted  mean  fasting  glucose  was  160.14  mg/dl,  150.27  mg/dl,  and  175.97  mg/dl 
respectively.  The  association  between  fasting  glucose  in  diabetics  and  current  dioxin 
remained  significant  in  Models  4  and  5  after  removing  occupation  and  body  fat  from  the  final 
model. 

Fasting  Glucose  (Diabetics — ^Discrete) 

In  the  Model  1  analyses  of  discrete  fasting  glucose  restricted  to  diabetics,  no  significant 
differences  between  Ranch  Hands  and  Comparisons  were  disclosed  (Table  18-27(a,b):  p>0.61 
for  the  unadjusted  and  adjusted  analyses).  Age,  race,  body  fat,  and  diabetic  severity  were 
significant  in  the  adjusted  analysis. 
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Table  18-27. 

Analysis  of  Fasting  Glucose  (Diabetics) 
(Discrete) 


a)  MODEL  1:  RANCH  HANDS  VS. 

COMPARISONS 

-UNADJUSTED 

Percent 

Abnormal 

Est.  Relative  Risk 

Occupational  Category 

Group 

n 

High 

(95%  CX)  : 

p-Value 

All 

Ranch  Hand 

142 

69.0 

0.99  (0.61,1.59) 

0.999 

Comparison 

179 

69.3 

Officer 

Ranch  Hand 

55 

69.1 

0.78  (0;34,1.77) 

0.699 

Comparison 

58 

74.1 

Enlisted  Flyer 

Ranch  Hand 

25 

76.0 

1.58  (0.50,5.00) 

0.617 

Comparison 

36 

66.7 

Enlisted  Groundcrew 

Ranch  Hand 

62 

66.1 

0.96  (0.48,1.92) 

0.999 

Comparison 

85 

61. \ 

b)  MODEL  ! 

:  RANCH  HANDS  VS,  COMPARISONS  --  ADJUSTED 

Occupational  Category 

Adj.  Relative  Risk 

cxx:  ■  ^ 

p-Value 

Covariate  Remarks^ 

All 

0.96  (0.58,1.60) 

0.878 

AGE  (p=0.003) 

Officer 

0.87  (0.37,2.05) 

0.745 

RACE  (p=0.048) 

BFAT  (p=0.006) 

Enlisted  Flyer 

1.29  (0.38,4.33) 

0.682 

DIABSEV  (p =0.001) 

Enlisted  Groundcrew 

0.94  (0.45,1.97) 

0.867 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  18-27.  (Continued) 
Analysis  of  Fasting  Glucose  (Diabetics) 
(Discrete) 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  —  UNADJUSTED 


Initial  Dioxin  Cat^ory  Summaiy  Statistics 

Analysis  Results  for  Logj  Obiitial  Dioxin)^  ^ 

Percent 

Abnormal 

Estimated  Relative  Risk 

Initial  Dioxin 

n 

High 

■  (9S%C.L)^ 

p-Value 

Low 

31 

64.5 

0.96(0.69,1.34) 

0.830 

Medium 

31 

77.4 

High 

34 

70.6 

d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 
Analysis  Results  for  Logj  (IiutiaI  Dioxin)' 

n  Adj.  Relative  Risk  (95%  C.I.)**  p-Value  Govariate  Remarks 

96  0.89  (0.61,1.28)  0.518  BFAT  (p =0.093) 

DIABSEV  (p =0.001) 


“  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

'  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  18-27.  (Continued) 
Analysis  of  Fasting  Glucose  (Diabetics) 
(Discrete) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  UNADJUSTED 


Dioxin  Categoiy 

Percent 

:.M)nonnal  Ifigh  : 

Est.  Relative  Risk  f  ; 
(9S%C.I.)®*’ 

t;::  ;jp-Vnlae 

Comparison 

148 

68.2 

Background  RH 

42 

64.3 

1.11  (0.52,2.37) 

0.778 

LowRH 

49 

69.4 

1.04  (0.51,2.13) 

0.908 

HighRH 

47 

72.3 

1.15  (0.55,2.41) 

0.716 

Low  plus  High  RH 

96 

70.8 

1.09(0.62,1.94) 

0.762 

f)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  ADJUSTED 

Adj«  Relative  Risk 

Dioxin  Category 

n 

(95%  CX)^" 

p-"Vaiue 

Covariate  Remarks 

Comparison 

147 

DXCAT*BFAT  (p =0.018) 

AGE  (p =0.040) 

Background  RH 

39 

1.08  (0.48,2.46)** 

0.847** 

RACE  (p=0.008) 

FAMDIAB  (p  =0.149) 

Low  RH 

48 

0.82  (0.38,1.77)** 

0.615** 

DIABSEV  (p  <0.001) 

High  RH 

46 

1.07  (0.47,2.43)** 

0.871** 

Low  plus  High  RH 

94 

0.93  (0.50,1.72)** 

0.813** 

“  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

'  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Categorized  dioxin-by-covariate  interaction  (0.01  <p  ^0.05);  adjusted  relative  risk,  confidence  interval,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  N-2-12  for 
further  analysis  of  this  interaction. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  18-27.  (Continued) 
Analysis  of  Fasting  Glucose  (Diabetics) 
(Discrete) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  —  CURRENT  DIOXIN  —  UNADJUSTED 


Current  Dioxin  Category 

Percent  Abnormal  IRgh/(n) 

Analysis  Results  for  Log2 
(Current  Dioxin  +  1) 

iipilll: 

Low 

Medium 

High 

'  £st.  Rdative  Risk 
(95%  €.!.)•» 

p-Value 

4 

64.3 

(28) 

69.6 

(56) 

70.4 

(54) 

1.13  (0.89,1.44) 

0.316 

5 

57.7 

(26) 

68.5 

(54) 

74.1 

(58) 

1.15  (0.94,1.41) 

0.172 

6" 

57.7 

(26) 

68.5 

(54) 

74.1 

(58) 

1.05  (0.83,1.32) 

0.701 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  —  CURRENT  DIOXIN  -  ADJUSTED 


Analysis  Results  for  Log2  (Curroit  Dioxin  -1-1) 

Adj.  Relative  Risk 

(95%  C.I.)'’  p-Value  Covariate  RemariES 

ModeP 

4 

138 

CURR*BFAT  (p  <0.001) 

DIABSEV  (p  <0.001) 

5 

138 

CURR*BFAT  (p  <0.001) 

DIABSEV  (p  <0.001) 

6** 

138 

CURR*BFAT  (p  <0.001) 

DIABSEV  (p <0.001) 

®  Model  4:  Logj  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Log2  (whole-weight  current  dioxin  +  1). 

Model  6:  Log2  (whole-weight  current  dioxin  +1),  adjusted  for  log2  total  lipids. 

^  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

^  Adjusted  for  logj  total  lipids. 

^  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Log2  (current  dioxin  +  l)-by-covariate  interaction  (p<0.01);  adjusted  relative  risk,  confidence  interval, 
and  p-value  not  presented;  refer  to  Appendix  Table  N-2-12  for  further  analysis  of  this  interaction. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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The  Model  2  and  3  unadjusted  analyses  did  not  reveal  any  significant  associations 
between  fasting  glucose  in  diabetics  and  dioxin  (Table  18-27(c,e):  p>0.71  for  all  analyses). 
Adjustment  for  body  fat  and  diabetic  severity  in  Model  2  did  not  reveal  a  significant 
relationship  between  fasting  glucose  and  initial  dioxin  (Table  18-27(d):  p=0.518). 

In  the  Model  3  adjusted  analysis  of  discrete  fasting  glucose  in  diabetics,  the  interaction 
of  categorized  dioxin  and  body  fat  was  significant  (Table  18-27(f):  p=0.018).  Appendix 
Table  N-2-12  presents  the  results  stratified  by  body  fat  (obese;  lean  or  normal).  Removing 
the  interaction  from  the  final  model  did  not  reveal  any  significant  differences  between  the 
four  Ranch  Hand  categories  and  the  Comparisons  group  (p>0.61  for  all  contrasts).  Age,  race, 
family  history  of  diabetes,  and  diabetic  severity  were  significant  covariates. 

For  Models  4  through  6,  the  unadjusted  analyses  did  not  detect  a  significant  association 
between  fasting  glucose  in  diabetes  and  current  dioxin  (Table  18-27(g):  p>0.17).  However, 
in  each  of  the  adjusted  analyses,  the  interaction  of  current  dioxin  and  body  fat  was  highly 
significant  (Table  18-27(h):  p<0.001  for  all  interactions).  The  stratified  results  from  analyses 
on  these  interactions  are  found  in  Appendix  Table  N-2-12  but  do  not  reveal  any  significant 
associations  between  fasting  glucose  in  diabetics  and  current  dioxin.  Diabetic  severity  was  an 
additional  covariate  retained  in  each  of  the  adjusted  analyses. 

Fasting  Glucose  (Nondiabetics — Continuous) 

In  the  Model  1  imadjusted  analysis  of  fasting  glucose  restricted  to  nondiabetics,  no 
overall  significant  difference  between  Ranch  Hands  and  Comparisons  was  found  to  exist 
(Table  18-28(a):  p=0.925).  However,  the  stratified  analyses  within  the  three  levels  of 
occupation  revealed  a  significant  difference  between  the  two  groups  in  the  enlisted  flyer 
category  (p=0.015,  Diff  of  Means=-2.52).  For  this  category,  the  fasting  glucose  mean  for  the 
Ranch  Hands  was  98.22  mg/dl  and  100.75  mg/dl  for  the  Comparisons.  In  the  adjusted 
analysis,  a  significant  interaction  between  group  and  occupation  was  revealed  (Table  18-28(b): 
p=0.024).  The  difference  between  Ranch  Hands  and  Comparisons  in  the  enlisted  flyer 
category  was  significant  (p=0.012,  Diff  of  Adj.  Means=-2.45).  For  Ranch  Hands,  the  adjusted 
mean  faisting  glucose  level  was  98.01  mg/dl  compared  to  100.46  mg/dl  for  Comparisons.  The 
remaining  contrasts  between  Ranch  Hands  and  Comparisons  were  positive  but  not  significant. 
After  removing  the  interaction  from  the  final  model,  the  overall  contrast  between  Ranch 
Hands  and  Comparisons  was  nonsignificant  (p=0.957).  Personality,  body  fat,  and  the  age-by¬ 
family  history  of  diabetes  interaction  were  significant. 

Neither  of  the  imadjusted  analyses  for  Models  2  and  3  revealed  a  significant  association 
between  fasting  glucose  in  nondiabetics  and  dioxin  (Table  18-28(c,e):  p>0.18  for  all 
analyses).  The  adjusted  Model  2  analysis  revealed  a  significant  interaction  between  initial 
dioxin  and  occupation  (Table  18-28:  p=0.010).  Appendix  Table  N-2-13  contains  additional 
information  regarding  this  interaction.  No  significant  results  were  evident  after  the  interaction 
was  removed  from  the  final  model  (p=0.880).  The  age-by-occupation,  age-by-body  fat,  and 
personality  type-by-family  history  of  diabetes  interactions  were  significant  covariates  in  the 
adjusted  model. 
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Table  18-28. 

Analysis  of  Fasting  Glucose  (mg/dl)  (Nondiabetics) 
(Continuous) 


a)  MC)DEL  1;  RANCM  HANDS  VS.  CC)MPAR1SQNS  — ^ 
Occupational  Difference  of  Means 


Category 

Group 

■■V  n  ■ 

Mean® 

p^Vadue^^ 

All 

Ranch  Hand 

808 

99.02 

-0.04- 

0.925 

Comparison 

1,098 

99.06 

Officer 

Ranch  Hand 

310 

99.75 

0.42  - 

0.491 

Comparison 

444 

99.33 

Enlisted  Flyer 

Ranch  Hand 

137 

98.22 

-2.52  - 

0.015 

Comparison 

166 

100.75 

Enlisted  Groundcrew 

Ranch  Hand 

361 

98.70 

0.46  - 

0.451 

Comparison 

488 

98.24 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  ADJUSTED 


Occupational 

Category 

Group 

n 

A(lj. 

Mean® 

Difference  of  Adj . 
Means  (95%  C.I.)'’ 

p-Value‘^ 

Covariate  Remarks'* 

All 

Ranch  Hand 

794 

99.18** 

-0,02  -  ** 

0,957** 

GROUP*OCC 

Officer 

Comparison 

Ranch  Hand 
Comparison 

1,081 

306 

441 

99.20** 

99.21 

98.88 

0.40  - 

0.523 

(p= 0.024) 

PERS  (p  =0.144) 
BFAT  (p  <0.001) 
AGE*FAMD1AB 

Enlisted 

Ranch  Hand 

134 

98.01 

-2.45  - 

0.012 

(p=0.030) 

Flyer 

Comparison 

163 

100.46 

Enlisted 

Ranch  Hand 

354 

99.45 

0.49  - 

0.400 

Groundcrew 

Comparison 

All 

98.95 

®  Transformed  from  the  natural  logarithm  scale. 

*’  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
given  because  analysis  was  performed  on  natural  logarithm  scale. 

P-values  based  on  difference  of  means  on  natural  logarithm  scale. 

Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 

**  Group-by-covariate  interaction  (0.01  <p<0.05);  adjusted  mean,  difference  of  adjusted  means,  confidence 
interval  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction. 
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Table  18-28.  (Continued) 

Analysis  of  Fasting  Glucose  (mg/dl)  (Nondiabetics) 
(Continuous) 


c)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN  —  UNADJUSTED 


Initial  Dioxin  Category  Sununary  Statistics 

Analysis  Results  for  Logj  (Initial  Dioxin)*’ 

Mtial  Dioxin 

n 

Mean^ 

Adj. 

Mean®*’ 

R^ 

Slope 

(Std.  Error)' 

p-Value 

Low 

142 

99.64 

99.70 

0.024 

-0.0035  (0.0033) 

0.290 

Medium 

141 

98.52 

98.61 

High 

139 

98.43 

98.28 

d)  MODEL  2:  RANCH  HANDS 

Initial  Dioxin  Category  Summary 
Statistics 


-  INITL4L  pIOX^ 

Analysis  Results  for  Log2  (I^^itial  Dioxin)** 


Initial  Dioxin 

Adj. 

Mean®* 

R* 

Adj.  Slope 
(Std.  Error)' 

p-Value 

Covariate  Rmarks 

Low 

139 

100.20** 

0.115 

0.0006  (0.0038)** 

0.880** 

INIT*OCC  (p =0.010) 

AGE*OCC  (p=0.024) 

Medium 

137 

99.92** 

AGE*BFAT  (p =0.026) 

PERS*FAMDIAB 

High 

135 

100.22** 

(p =0.027) 

^  Transformed  from  natural  logarithm  scale. 


^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


Slope  and  standard  error  based  on  natural  logarithm  of  fasting  glucose  versus  log2  (initial  dioxin). 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (initial  dioxin)-by-covariate  interaction  (p^O.05);  adjusted  mean,  adjusted  slope,  standard  error,  and  p- 
value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  N-2-13  for 
further  analysis  of  this  interaction. 


Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  18-28.  (Continued) 

Analysis  of  Fasting  Glucose  (mg/dl)  (Nondiabetics) 
(Continuous) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -r  llNADJUSTED 


Dioxin  Category 

n 

Mean® 

Adj. 

Mean®^ 

Difference  of  Adj.  Mean  ts. 
CcHnpaiisons  (95%  C.L)*^ 

p-Value^ 

Comparison 

912 

98.91 

98.91 

Backgroxmd  RH 

332 

99: 16 

99.56 

0.66  - 

0.235 

LowRH 

209 

99.31 

99.11 

0.21  - 

0.752 

HighRH 

213 

98.43 

98.03 

-0.87  - 

0.180 

Low  plus  High  RH 

422 

98.87 

98.57 

-0.34  - 

0.507 

f)  MODELS: 

RANCH  HANDS  AND  COMPARISONS  DY  DIOXIN  CATEGORY --  ADJUOTED 

Diffo’ence  of  Adj. 

Adj. 

Mean  vs.  Comparisons 

p-Yalue^ 

Dioxin  Category 

n  ; 

Mean®" 

(95%C.I.)" 

Covariate  Remarks 

Comparison 

897 

DXCAT*OCC  (p =0.004) 

PERS  (p=0.133) 

Background  RH 

329 

BEAT  (p  <0.001) 
AGE*OCC  (p =0.016) 

Low  RH 

203 

AGE*FAMDIAB  (p =0.0 18) 

HighRH 

208 

Low  plus  High  RH 

411 

^  Transformed  from  natural  logarithm  scale. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Difference  of  adjusted  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of 
adjusted  means  not  given  because  analysis  was  performed  on  natural  logarithm  scale. 

^  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

****  Categorized  dioxin-by-covariate  interaction  (p<0.01);  adjusted  mean,  difference  of  adjusted  means, 
confidence  interval,  and  p-value  not  given;  refer  to  Appendix  Table  N-2-13  for  further  analysis  of  this 
interaction. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  Initial  Dioxin  >  143  ppt. 
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Table  18-28.  (Continued) 

Analysis  of  Fasting  Glucose  (n^/dl)  (Nondiabetics) 
(Continuous) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  C13RRENT  DIOXIN  -  UNADJUSTED 


-  . 

Current  Dioxin  Cat^ory 

Analysis  Results  for  Logj 

Mean®/(n) 

(Current  Dioxin  +  1) 

Slope 

Low 

Medium 

High 

R* 

(Std.  Error)' 

p-Value 

4 

98.92 

99.75 

98.33 

<0.001 

-0.0002 

0.943 

(267) 

(243) 

(244) 

(0.0022) 

5 

99.88 

99.67 

98.45 

<0.001 

0.0009 

0.650 

(274) 

(242) 

(238) 

(0.0019) 

6^ 

99.20 

99.67 

98.14 

0.006 

-0.0009 

0.656 

(273) 

(242) 

(238) 

(0.0020) 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  ADJUSTED 


Model” 

Curreht  Dioxin  Category 
Adjusted  Mean®/ (n) 

Low  Medium  High 

R"* 

Amilysis  Results  for  Lofe 
:  (Current  Dioxin  +  1) 

■'  Acy,  Slope 

(Std.  Error)'  p-^Value  Covariate  Remarks 

4 

99.45 

(264) 

99.71 

(238) 

99.04 

(238) 

0.083 

0.0001 

(0.0026) 

0.975 

PERS  (p =0.094) 
AGE*OCC  (p=0.015) 
AGE*BFAT  (p =0.001) 
AGE*FAMDIAB  (p=0.004) 
OCC*FAMDIAB  (p=0.027) 

5 

99.32 

(272) 

99.89 

(236) 

99.02 

(232) 

0.083 

0.0009 

(0.0022) 

0.688 

PERS  (p=0.100) 
AGE*OCC  (p=0.013) 
AGE*BFAT  (p=0.001) 
AGE*FAMDIAB  (p =0.004) 
OCC*FAMDIAB  (p=0.027) 

6' 

99.34 

(273) 

99.36 

(241) 

98.14 

(238) 

0.057 

-0.0014 

(0.0021) 

0.510 

PERS  (p  =0.1 17) 
AGE*BFAT  (p=0.008) 

®  Transformed  from  natural  logarithm  scale. 

^  Model  4:  Logj  (lipid-adjusted  current  dioxin  -I-  1). 

Model  5:  Log2  (whole-weight  current  dioxin  +  1). 

Model  6:  Log2  (whole-weight  current  dioxin  -1-1),  adjusted  for  log2  total  lipids. 

=  Slope  and  standard  error  based  on  natural  logarithm  of  fasting  glucose  versus  logj  (current  dioxin  -1-1). 
^  Adjusted  for  log2  total  lipids. 


®  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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For  Model  3,  the  adjusted  analysis  of  fasting  glucose  in  nondiabetics  disclosed  a  highly 
significant  interaction  between  categorized  dioxin  and  occupation  (Table  18-28(f):  p=0.004). 
This  interaction  is  further  examined  in  Appendix  Table  N-2-13.  Personality  type,  body  fat, 
and  the  age-by-occupation  and  age-by-family  history  of  diabetes  interactions  were  significant 
in  the  Model  3  analysis.  After  removing  the  categorized  dioxin-by-occupation  interaction  and 
body  fat  and  occupation  from  the  final  model,  no  significant  differences  were  foimd  between 
the  four  Ranch  Hand  categories  and  the  Comparison  group  (Appendix  Table  N-3-15:  p>0.46). 

No  significant  associations  between  fasting  glucose  in  nondiabetics  and  current  dioxin 
were  evident  from  either  the  unadjusted  or  adjusted  analyses  of  Models  4  through  6  (Table 
18-28:  p>0.51  for  all  analyses).  Personality  type  and  the  age-by-occupation,  age-by-body  fat, 
age-by-family  history  of  diabetes,  and  occupation-by-family  history  of  diabetes  interactions 
were  retained  in  the  adjusted  analyses  of  Models  4  and  5.  For  Model  6,  significant  co variates 
included  personality  type  and  the  age-by-body  fat  interaction. 

Fasting  Glucose  (Nondiabetics — ^Discrete) 

Overall  and  occupationally  stratified  differences  between  Ranch  Hands  and  Comparisons 
were  nonsignificant  in  both  the  unadjusted  and  adjusted  Model  1  analyses  of  fasting  glucose 
in  its  discrete  form  restricted  to  nondiabetics  (Table  18-29(a,b):  p>0.37  for  all  contrasts). 

Age  and  body  fat  were  retained  in  the  adjusted  analysis. 

The  unadjusted  and  adjusted  analysis  for  Models  2  and  3,  investigating  the  relationship 
between  fasting  glucose  and  dioxin  in  nondiabetics  were  nonsignificant  (Table  18-29(c-f): 
p>0.15  for  all  analyses).  The  Model  2  adjusted  analyses  retained  race  and  family  history  of 
diabetes,  while  Model  3  retained  the  occupation-by-family  history  of  diabetes  and  the 
occupation-by-age  interactions. 

Current  dioxin  was  not  significantly  associated  with  discrete  fasting  glucose  for 
nondiabetics  in  the  unadjusted  and  adjusted  analyses  of  Models  4  through  6  (Table  18-29(g,h): 
p>0.43  for  all  analyses).  Body  fat  was  significant  in  each  of  the  adjusted  analyses. 
Additionally,  race  was  retained  in  the  Model  6  analysis. 

2-Hour  Postprandial  Glucose  (Continuous) 

In  the  Model  1  unadjusted  analysis  of  2-hour  postprandial  glucose  on  nondiabetics,  no 
significant  group  effect  was  revealed  (Table  18-30(a):  p>0.21  for  all  contrasts).  However,  in 
the  adjusted  analysis,  highly  significant  interactions  between  group  and  body  fat  and  between 
group  and  family  history  of  diabetes  were  revealed  (Table  18-30(b):  p=0.001  and  p=0.009 
respectively).  Results  from  additional  analyses  on  these  interactions  are  found  in  Appendix 
Table  N-2-14.  Additionally,  age  and  the  occupation-by-personality  type  interaction  were 
retained  in  the  adjusted  analysis. 

The  unadjusted  Model  2  and  3  analyses  of  2-hour  postprandial  glucose  in  nondiabetics 
did  not  reveeil  a  significant  positive  dioxin  effect  (Table  18-30(c,e):  p>0.32  for  all  analyses). 
However,  in  Model  2,  adjustment  for  age,  personality  type,  and  body  fat  led  to  a  significant 
positive  association  between  initial  dioxin  and  2-hour  pos^randial  glucose  (Table  18-30(d): 


18-157 


Table  18-29. 

Analysis  of  Fasting  Glucose  (Nondiabetics) 
(Discrete) 


a)  MODEL  1;  RANCH  HAJSDS  VS.  COMPARISONS  -  UNADJUSTED 

Percent 


Occupational  Cat^ory 

Group 

n 

Abnormal 

High 

£st.  Relative  ffisk 
(95%  C.L) 

p-VjJue 

All 

Ranch  Hand 

808 

3.6 

0.91  (0.57,1.48) 

0.804 

Comparison 

1,098 

3.9 

Officer 

Ranch  Hand 

310 

3.2 

0.71  (0.33,1.53) 

0.487 

Comparison 

444 

4.5 

Enlisted  Flyer 

Ranch  Hand 

137 

2.9 

0.80  (0.22,2.90) 

0.989 

Comparison 

166 

3.6 

Enlisted  Groundcrew 

Ranch  Hand 

361 

4.2 

1.20  (0.59,2.44) 

0.745 

Comparison 

488 

3.5 

b)  MODEL  1 

:  RANCH  HANDS  VS.  COMPARISONS  - 

ADJUSTED 

Occupational  Category 

Adj.  Relative  Risk 

C.L) 

p-Value 

Covariate  Remarks^ 

All 

Officer 

0.92  (0.57,1.48) 

0.70  (0.32,1.53) 

0.719 

0.371 

AGE  (p =0.004) 

BFAT  (p  <0.001) 

Enlisted  Flyer 

0.75  (0.21,2.74) 

0.665 

Enlisted  Groundcrew 

1.25  (0.61,2.56) 

0.542 

Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 


18-158 


Table  18-29.  (Continued) 

Analysis  of  Fasting  Glucose  (Nondiabetics) 
(Discrete) 


c)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN  —  UNADJUSTED 


Initiai  Dioxin  Categoiy  Summaiy  Statistics 

Analysis  Results  for  Logj  Obiitial  Dioxin)^ 

Initial  Dioxin 

n 

Percent 

Abnormai 

High 

Estimated  Rdative  Risk 
(95%  C.I.)^ 

p-Value 

Low 

142 

6.3 

0.83  (0.55,1.26) 

0.372 

Medium 

141 

1.4 

High 

139 

3.6 

d)  MODEL  2;  RANCH  HANDS  -  INITIAL  DICIXIN  -^ 

ADJUSTED 

/ ■' A4j . 'Reiatbe  Risk'::<9^%  C.I.)'’ '  '■  -1; 

Covariate  Rematics 

412 

0.73  (0.46,1.15)  0.153 

RACE  (p =0.075) 
FAMDIAB  (p  =0.094) 

“  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

**  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  imder  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  18-29.  (Continued) 
Analysis  of  Fasting  Glucose  (Nondiabetics) 
(Discrete) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

—  UNADJUSTED 

IHoxin  Category 

n 

Percent 

Abnormal  High 

Est.  Rdative  Risk 
{95%  C.I.)®^ 

p-Vaiue 

Comparison 

912 

4.1 

Background  RH 

332 

2.7 

0.73  (0.35,1.53) 

0.401 

Low  RH 

209 

4.8 

1.13  (0.55,2.31) 

0.745 

HighRH 

213 

2.8 

0.63  (0.26,1.51) 

0.297 

Low  plus  High  RH 

422 

3.8 

0.87  (0.48,1.58) 

0.644 

©MODEL  3: 

RANCH  BLUSDS  AND  COMPARISONS  BY  DIOXIN  CAIEGORY  -  ADJUSTED 

Dioxin  Gat^oii^ 

n 

Adj.  Relative  Risk 

p-Value 

Covariate  Remarks 

Comparison 

898 

OCC*FAMDIAB  (p =0.028) 
OCC*AGE  (p  =0.043) 

Background  RH 

329 

0.71  (0.33,1.52) 

0.373 

Low  RH 

204 

1.15  (0.56,2.39) 

0.705 

HighRH 

208 

0.58  (0.22,1.56) 

0.284 

Low  plus  High  RH 

412 

0.88  (0.47,1.66) 

0.701 

®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  18-29.  (Continued) 

Analysis  of  Fasting  Glucose  (Nondiabetics) 
(Discrete) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  UNADJUSTED 


Current  Dioxin  Category 

Percent  Abnormal  IRgli/(n) 

Analysis  Results  for  Lt^^ 

(Current  Dioxin  +  1) 

Modd^ 

Low 

Medium 

High 

Est.  Reiative  Risk 
(95%  C.L)'> 

P“Value 

4 

2.6 

(267) 

4.9 

(243) 

2.5 

(244) 

1.02  (0.77,1.34) 

0.907 

5 

2.6 

(274) 

5.0 

(242) 

2.5 

(238) 

1.05  (0.82,1.33) 

0.714 

6" 

2.6 

(273) 

5.0 

(242) 

2.5 

(238) 

0.99  (0.76,1.28) 

0.920 

ModeP 


h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  ADJUSTED 
Analysis  Results  for  Log2  (GiiiT«it  Dioxin  4^  1) 

Adj.  Relative  Risk 

n  (95%  C.L)*’  p-Value  Covariate  Remaiks 


754 

0.92  (0.68,1.24) 

0.583 

BFAT  (p =0.022) 

754 

0.96(0.75,1.24) 

0.772 

BFAT  (p=0.027) 

753 

0.90(0.68,1.18) 

0.439 

BFAT  (p=0.021) 

RACE  (p=0.121) 

^  Model  4:  Log.  (lipid-adjusted  current  dioxin  -f  1). 

Model  5:  Log.  (whole-weight  current  dioxin  +  1). 

Model  6:  Log.  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

^  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

Adjusted  for  log2  total  lipids. 

^  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  ==  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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Table  18-30. 

Analysis  of  2-Hour  Postprandial  Glucose  (mg/dl)  (Nondiabetics) 

(Continuous) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 

-  UNADJUSTED 

Occupational 

Category 

Group 

n 

Mean^ 

Difference  of  Means 
(95%  C.I.)^* 

p-Value"^ 

All 

Ranch  Hand 

807 

103.90 

0.63- 

0.630 

Comparison 

1,097 

103.27 

Officer 

Ranch  Hand 

310 

103.61 

2.43  - 

0.219 

Comparison 

444 

101.18 

Enlisted  Flyer 

Ranch  Hand 

137 

106.60 

-1.94  - 

0.554 

Comparison 

166 

108.54 

Enlisted  Groundcrew 

Ranch  Hand 

360 

103.14 

-0.30  - 

0.884 

Comparison 

487 

103.44 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  - 

-ADJUSTED 

Occupational 

Adj. 

Difference  of  Aclj  • 

Category 

Group 

n 

Mean^ 

Means  <95%  CJ.)*^ 

p-Value' 

Covariate  Remarks*^ 

All 

Ranch  Hand 

793 

GROUP*BFAT  (p=0.001) 

Comparison 

1,080 

GROUP*FAMDIAB  (p  =0.009) 

AGE  (p  <0.001) 

Officer 

Ranch  Hand 

306 

OCC*PERS  (p=0.012) 

Comparison 

441 

Enlisted 

Ranch  Hand 

134 

Flyer 

Comparison 

163 

Enlisted 

Ranch  Hand 

353 

Groundcrew 

Comparison 

476 

_ _ _ 

^  Transformed  from  the  natural  logarithm  scale. 


•’  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 

P-values  based  on  difference  of  means  on  natural  logarithm  scale. 

^  Covariates  and  associated  p-values  correspond  to  &al  model  based  on  all  participants  with  available  data. 

****  Qj-oup-by-covariate  interactions  (p<0.01);  adjusted  mean,  difference  of  adjusted  means,  and  p-value  not 
presented;  refer  to  Appendix  Table  N-2-14  for  further  analysis  of  these  interactions. 
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Table  18-30.  (Continued) 

Analysis  of  2-Hour  Postprandial  Glucose  (mg/dl)  (Nondiabetics) 

(Continuous) 


c)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)^ 

Initial  Dioxin 

n 

Mean® 

Adj. 

Mean* 

Slope 

(Std.  Error)' 

p-Value 

Low 

142 

103.75 

104.44 

0.067 

0.0078  (0.0107) 

0.464 

Medium 

141 

106.75 

107.35 

High 

139 

107.84 

106.51 

d)  MODEL  2:  RANCH  HANDS  --  INITIAL  DIOXIN  ADJUSTED 


Initial  Dioxin  Cat^ory  Sununaiy 
Statistics 

r-Adij.:::. 


Initial  Dioxin 

n 

Mean^ 

Low 

141 

101.10 

Medium 

141 

106.99 

High 

139 

108.72 

Analysis  Results  for  Log;  (Ini^  Dioxin)'^ 


R^ 


^(Std.  :!Eriwi)':il||»T^Mue: 


Covariate  Roarks 


0.162  0.0216  (0.0106)  0.041 


AGE  (p <0.001) 
PERS  (p  =0.043) 
BEAT  (p  <0.001) 


®  Transformed  from  natural  logarithm  scale. 

**  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


'  Slope  and  standard  error  based  on  natural  logarithm  of  2-hour  postprandial  glucose  versus  logj  (initial  dioxin). 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  18-30.  (Continued) 

Analysis  of  2-Hour  Postprandial  Glucose  (mg/dl)  (Nondiabetics) 

(Continuous) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

-IMADJUSTED 

Dioxin  Cat^ory 

n 

Mean® 

Adj. 

Mean* 

Difference  of  Adj. 
Mean  vs.  Comparisons 
(95%  C.!.)*" 

p-Value^ 

Comparison 

911 

103.08 

103.05 

Background  RH 

331 

100.37 

102.28 

-0.77  - 

0.657 

LowRH 

209 

104.87 

104.05 

1.00  - 

0.633 

HighRH 

213 

107.29 

105.13 

2.07  - 

0.322 

Low  plus  High  RH 

422 

106.08 

104.59 

1.54  - 

0.340 

f)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

Difference  of  Adj. 

Adj. 

Mean  vs.  Ccmiparisons 

p-Value^ 

Dioxin  Cat^ory 

n 

Mean®® 

(95%  C.L)® 

Covariate  Remarks 

Comparison 

896 

104.72** 

DXCAT*BFAT  (p <0.001) 
DXCAT*FAMDIAB  (p=0.016) 

Background  RH 

328 

104.03** 

-0.70  -  ** 

0.689** 

AGE(p<0.001) 
OCC*PERS  (p=0.031) 

LowRH 

203 

105.13** 

0.40  -  ** 

0.845** 

High  RH 

208 

108.06** 

3  34  __  ** 

0.119** 

Low  plus  High  RH 

411 

106.60** 

* 

* 

1 

1 

00 

00 

1-H 

0.245** 

*  Transformed  from  natural  logarithm  scale. 


Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw,  for  dioxin. 

^  Difference  of  adjusted  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of 
adjusted  means  not  presented  because  analysis  was  performed  on  namral  logarithm  scale. 

P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Categorized  dioxin-by-covariate  interactions  (p<0.05);  adjusted  mean,  difference  of  adjusted  means,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  these  interactions;  refer  to  Appendix  Table  N-2-14  for 
further  analysis  of  these  interactions. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  ^  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  18-30.  (Continued) 

Analysis  of  2-Hour  Postprandial  Glucose  (mg/dl)  (Nondiabetics) 

(Continuous) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  ^  CURRENT  DIOXIN  —  I3NADJUSTEP 


Current  Dioxin  Category 
MeanV(n) 

Analysis  Results  for  ljOg2 
(Cuireot  IHoxin  +  1) 

Model’’ 

;i4:S';.::'''Ldw 

Medium 

R^ 

Slope 

(Std.  Error)® 

p-Value 

4 

99.88 

103.67 

107.53 

0.018 

0.0267 

<0.001 

(266) 

(243) 

(244) 

(0.0071) 

5 

99.00 

104.18 

108.31 

0.026 

0.0275 

<0.001 

(273) 

(242) 

(238) 

(0.0061) 

e** 

100.25 

104.17 

106.86 

0.037 

0.0214 

0.001 

(272) 

(242) 

(238) 

(0.0065) 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  —  CURRENT  DIOXm  —  ADJUSTED 


Current  Dioxin  Category 
Adjusted  Mean®/(n) 

Analysis  Results  for  Logj 
(Current  Dioxin  +1) 

Model” 

Low 

Medium 

High 

R"" 

Adj.  Slope 
(Std.  Error) 

^  p-Value 

Covariate  Remarks 

4 

101.82 

(266) 

101.15 

(242) 

107.19 

(244) 

0.170 

0.0177 

(0.0071) 

0.012 

AGE(p<0.001) 

BEAT  (p  <0.001) 

PERS  (p =0.138) 

5 

100.73 

(273) 

102.19 

(241) 

107.52 

(238) 

0.174 

0.0189 

(0.0061) 

0.002 

AGE(p<0.001) 

BEAT  (p  <0.001) 

PERS  (p =0.141) 

6® 

101.78 

(272) 

102.24 

(241) 

106.21 

(238) 

0.182 

0.0134 

(0.0064) 

0.038 

AGE  (p<0.001) 

BEAT  (p  <0.001) 

PERS  (p =0.090) 

®  Transformed  from  natural  logarithm  scale. 

^  Model  4:  Log2  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Logj  (whole-weight  current  dioxin  +  1). 

Model  6:  Log2  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

^  Slope  and  standard  error  based  on  natural  logarithm  of  2-hour  postprandial  glucose  versus  log2  (current 
dioxin  +  1). 

^  Adjusted  for  log2  total  lipids. 

®  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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p=0.041,  Adj.  Slope=0.0216).  The  2-hour  postprandial  glucose  adjusted  means  for  the  low, 
medium,  and  high  initial  dioxin  levels  were  101.10  mg/dl,  106.99  mg/dl,  and  108.72  mg/dl 
respectively. 

For  the  Model  3  adjusted  analysis  of  2-hour  postprandial  glucose  in  nondiabetics, 
interactioris  between  categorized  dioxin  and  body  fat  and  between  categorized  dioxin  and 
family  history  of  diabetes  were  revealed  (Table  18-30(f):  p<0.001  and  p=0.016  respectively). 
Appendix  Table  N-2-14  contains  further  information  on  these  interactions.  Followup  analyses 
widi  the  interactions  removed  from  the  final  model  did  not  reveal  any  significant  differences 
between  the  four  Ranch  Hand  categories  and  the  Comparison  group  (Table  18-30(f):  p>0.11 
for  all  contrasts).  However,  when  the  interactions  of  body  fat,  and  occupation  were  removed 
from  the  final  model,  the  difference  between  the  high  Ranch  Hand  category  and  the 
Comparison  group  was  significant  (Table  N-3-17:  p=0.032,  Diff.  of  Adj.  Means  =  4.54).  Age 
and  the  occupation-by-personality  type  interaction  were  additional  covariates  retained  in  the 
Model  3  analysis. 

Each  of  the  Model  4  through  6  unadjusted  analyses  revealed  a  highly  significant 
relationship  between  current  dioxin  and  2-hour  postprandial  glucose  in  nondiabetics  (Table 
18-30(g):  p<0.001,  Slope=0.0267  for  Model  4,  p<0.001,  Slope=0.0275  for  Model  5;  and 
p=0.001,  Slope=0.0214  for  Model  6).  The  mean  levels  of  2-hour  postprandial  glucose  for  the 
low,  medium,  and  high  categories  of  lipid-adjusted  current  dioxin  were  99.88  mg/dl,  103.67 
mg/dl,  and  107.53  mg/dl.  For  the  whole  weight-current  dioxin  categories,  mean  levels  were 
99.00  mg/dl,  104.18  mg/dl,  and  108.31  mg/dl.  For  whole-weight  current  dioxin  adjusted  for 
total  lipids,  mean  levels  were  100.25  mg/dl,  104.17  mg/dl,  and  106.86  mg/dl.  The  association 
between  current  dioxin  and  2-hour  postprandial  glucose  remained  significant  after  adjustment 
for  age,  body  fat,  and  personality  type  (Table  18-30(h):  p=0.012,  Adj.  Slope=0.0177  for 
Model  4,  p=0.002,  Adj.  Slope=0.0189  for  Model  5;  and  p=0.038,  Adj.  Slope=0.0134  for 
Model  6).  The  adjusted  mean  levels  of  2-hour  postprandial  glucose  for  low,  medium,  and 
high  categories  of  current  dioxin  were  101.82  mg/dl,  101.15  mg/dl,  107.19  mg/dl  for  Model 
4,  100.73  mg/dl,  102.19  mg/dl,  107.52  mg/dl  for  Model  5,  and  101.78  mg/dl,  102.24  mg/dl, 
106.21  mg/dl  for  Model  6. 

2-Hour  Postprandial  Glucose  (Discrete) 

A  marginally  significant  difference  in  the  percentage  of  nondiabetics  with  impaired  2- 
hour  postprandial  glucose  levels  between  Ranch  Hands  and  Comparisons  was  evident  from  the 
overall  contrast  in  the  Model  1  unadjusted  analysis  (Table  18-31(a):  p=0.097,  Est.  RR=1.26). 
This  difference  was  not  apparent,  however,  from  analyses  within  each  of  the  levels  of 
occupation  (p>0.11  for  all  contrasts).  In  the  adjusted  analysis,  there  was  a  significant 
interaction  between  group  and  body  fat  (Table  18-31(b):  p=0.042).  Results  from  further 
analysis  on  this  interaction  are  presented  in  Appendix  Table  N-2-15.  A  marginally  significant 
difference  between  Ranch  Hands  and  Comparisons  was  found  for  obese  nondiabetic 
participants  (Appendix  Table  N-2-15:  p=0.064,  Adj.  RR=1.56),  but  the  difference  was 
nonsignificant  for  lean  or  normal  participants  (p=0.536).  After  the  interaction  was  deleted 
from  the  final  model,  a  marginally  significant  difference  between  Ranch  Hands  and 
Comparisons  in  the  enlisted  groundcrew  category  was  evident  (p=0.064,  Adj.  RR=1.48).  The 
overall  contrast  and  the  remaining  occupational  contrasts  were  nonsignificant  (p>0.11).  Age, 
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Table  18-31. 

Analysis  of  2-Hour  Postprandial  Glucose  (Nondiabetics) 

(Discrete) 


a)  MODEL  1:  RANCH  HAISDS  VS. 

COMPARISONS 

—  UNADJUSTED 

Occupational  Category 

Group 

n 

Percent 

Impaired 

Relative  Ri:^ 
(95%C.L) 

p-Va!ue 

All 

Ranch  Hand 

807 

14.7 

1.26  (0.97,1.65) 

0.097 

Comparison 

1,097 

12.0 

Officer 

Ranch  Hand 

310 

12.6 

1.28  (0.81,2.01) 

0.351 

Comparison 

444 

10.1 

Enlisted  Flyer 

Ranch  Hand 

137 

15.3 

0.93  (0.59,1.73) 

0.949 

Comparison 

166 

16.3 

Enlisted  Groundcrew 

Ranch  Hand 

360 

16.4 

1.39  (0.95,2.06) 

0.113 

Comparison 

487 

12.3 

b)  MODEL  ! 

:  RANCH  HANDS  VS. 

COMPARISONS ---  ADJUSTED 

Occupational  Category 

Adj.  Relative  Risk 
(95%C.L) 

p-Value 

Covariate  Remarks^ 

All 

1.26  (0.95,1.68)** 

0.115** 

GROUP*BFAT  (p =0.042) 

Officer 

1.30  (0.81,2.10)** 

0.274** 

OCC*RACE  (p  =0.017) 
AGE  (p <0.001) 

Enlisted  Flyer 

0.80  (0.42,1.55)** 

0.514** 

PERS  (p =0.030) 

Enlisted  Groundcrew 

1.48  (0.98,2.25)** 

0.064** 

FAMDIAB  (p =0.047) 

Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 


**  Group-by-covariate  interaction  (0.01  <p<0.05);  adjusted  relative  risk,  confidence  interval,  and  p-value 
derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  N-2-15  for  further 
analysis  of  this  interaction. 
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Table  18-31.  (Continued) 

Analysis  of  2-Hour  Postprandial  Glucose  (Nondiabetics) 

(Discrete) 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Percent 


Analysis  Resnlts  for  Logj  (Initial  Dioxin)^ 
Estimated  Relative  Risk 


Initiai  Dioxin 

-  n 

Impaired 

:  (95%C.L)‘»""" 

p>Vaiue 

Low 

142 

15.5 

1.09  (0.90,1.33) 

0.390 

Medium 

141 

17.0 

High 

139 

20.1 

d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  - 

■ADJUSTED 

Analysis  Results  for  Log^  (Initial  Dioxin)^ 

n 

Adj.  Relative  Risk  (95%  C.I.)**  p- Value 

Covariate  Ronarks 

421 

1.19  (0.96,1.47)**  0.112** 

INIT*RACE  (p=0.008) 

AGE  (p =0.001) 

BEAT  (p =0.003) 

PERS  (p =0.122) 

“  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**Log2  (initial  dioxin)-by-covariate  interaction  (p<0.05);  adjusted  relative  risk,  confidence  interval  and  p-value 
derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  N-2-15  for  further  analysis  of 
this  interaction. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  18-31.  (Continued) 

Analysis  of  2-Hour  Postprandial  Glucose  (Nondiabetics) 

(Discrete) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  — 

UNADJUSTED 

Dioxin  Categozy 

n 

Percent 

Impaired 

Est.  Rdative 

p-Value 

Comparison 

911 

12.0 

Background  RH 

331 

10.0 

0.94  (0.62,1.43) 

0.765 

LowRH 

209 

15.8 

1.30  (0.85,2.00) 

0.229 

HighRH 

213 

19.2 

1.56  (1.04,2.33) 

0.031 

Low  plus  High  RH 

422 

17.5 

1.43  (1.03,1.99) 

0.031 

f)  MODEX  3:  RANCH  HANDS  AND  COMPAWSQNS  BY  mO^  GAT^ 


Adj;  Relative  Risk 

Dipxin  Category 

(95%C,I.)“= 

p-Value 

i  >  Govariate^  Roarks 

Comparison 

896 

AGE  (p< 0.001) 

PERS  (p=0.029) 

Background  RH 

328 

0.99  (0.63,1.54) 

0.961 

BEAT  (p<  0.001) 
RACE*FAMDIAB  (p=0.024) 

LowRH 

203 

1.24  (0.79,1.96) 

0.352 

OCC*RACE  (p =0.009) 

HighRH 

208 

1.67  (1.07,2.59) 

0.023 

Low  plus  High  RH 

411 

1.44(1.02,2.04) 

0.040 

^  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

**  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

'  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dio.xin  >  10  ppt,  Initial  Dioxin  >  143  ppt. 
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Table  18-31.  (Continued) 

Analysis  of  2-Hour  Postprandial  Glucose  (Nondiabetics) 

(Discrete) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  UNADJUSTED 


Current  Dioxin  Category 

Percent  Inipaired/(n) 

Low  Medium  flOIgh 

Analysis  Results  for  Log2 
(Current  Dioxin  +  1) 

Est.  Rdative  Risk 

(95%  C.L)*’  p-Value 

4 

10.2 

13.2 

19.7 

1.27  (1.11,1.46) 

0.001 

(266) 

(243) 

(244) 

5 

8.4 

14.5 

20.6 

1.28  (1.13,1.45) 

<0.001 

(273) 

(242) 

(238) 

6= 

8.5 

14.5 

20.6 

1.23  (1.08,1.41) 

0.002 

(272) 

(242) 

(238) 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CUMRENT  DIOXIN  —  ADJUSTED 


ModeP 

n 

Analysis  Results  for  Logj  (Curi^  Dioxin  4- U  y 

'■  Adj .  Relative ;:Risk ■  ^ 

<95%/C^I.)’’ ' : ;  *: : :  ^  ip-Vrfue  ^  ^  ^iRemarks  ■ 

4 

753 

1.27  (1.08,1.50)** 

0.004** 

CURR*RACE  (p=0.002) 

AGE  (p  <0.001) 

BEAT  (p  <0.001) 

5 

740 

1.28  (1.10,1.49)** 

0.002** 

CURR*RACE  (p=0.023) 

AGE  (p  <0.001) 

BEAT  (p<0.001) 
RACE*EAMDIAB  (p =0.032) 

6** 

739 

1.23  (1.05,1.44)** 

0.011** 

CURR*RACE  (p=0.025) 

AGE  (p  <0.001) 

BEAT  (p<  0.001) 
RACE*EAMDIAB  (p  =0.029) 

^  Model  4:  Logj  (lipid-adjusted  current  dioxin  +1). 

Model  5:  Log2  (whole-weight  current  dioxin  +1). 

Model  6:  Log2  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

^  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

^  Adjusted  for  logj  total  lipids. 

^  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (current  dioxin  +  Ij-by-covariate  interaction  (p<0.05);  adjusted  relative  risk,  confidence 
interval,  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix 
Table  N-2-15  for  further  analysis  of  this  interaction. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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personality  type,  family  history  of  diabetes,  and  the  occupation-by-race  interaction  was 
retained  in  the  adjusted  analysis. 

The  association  between  initial  dioxin  and  2-hour  postprandial  glucose  was  not 
significant  in  the  Model  2  unadjusted  analysis  (Table  18-3 1(c):  p=0.390).  In  the  adjusted 
analysis,  diere  was  a  highly  significant  interaction  between  initial  dioxin  and  race  (Table 
18-3 1(d):  p=0.008).  Results  from  stratified  analysis  on  the  interaction  are  found  in  Appendix 
Table  N-2-15.  When  the  initial  dioxin-by-race  interaction  was  removed  from  the  final  model, 
the  association  between  initial  dioxin  and  2-hour  postprandial  glucose  remained  nonsignificant 
(p=0.112).  Age,  body  fat,  and  personality  type  were  significant  covariates. 

In  the  imadjusted  Model  3  analysis  of  2-hour  postprandial  glucose,  significant  differences 
were  revealed  between  the  high  Ranch  Hand  category  and  the  Comparison  group  and  the  low 
plus  high  Ranch  Hand  category  and  the  Comparison  group  (Table  18-3 1(e):  p=0.031, 

Est.  RR=1.56  for  high  Ranch  Hands  vs.  Comparisons  and  p=0.031,  Est.  RR=1.43  for  low  plus 
high  Ranch  Hands  vs.  Comparisons).  For  the  Comparison  category,  12.0  percent  had  an 
impaired  2-hour  postprandial  glucose  level  compared  to  19.2  percent  for  Wgh  Ranch  Hands 
and  17.5  percent  for  low  plus  high  Ranch  Hands.  After  adjusting  for  co variate  information, 
significant  differences  between  high  and  low  plus  high  Ranch  Hands  and  Comparisons 
remained  (Table  18-3 1(f):  p=0.023,  Adj.  RR=1.67  for  high  Ranch  Hands  vs.  Comparisons 
and  p=0.040,  Adj.  RR=1.44  for  low  plus  high  Ranch  Hands  vs.  Comparisons).  Age, 
personality  type,  body  fat,  and  the  race-by-family  history  of  diabetes  and  occupation-by-race 
interactions  were  significant. 

Highly  significant  positive  associations  between  2-hour  postprandial  glucose  and  current 
dioxin  were  revealed  in  each  of  the  imadjusted  Model  4  through  6  analyses  (Table  18-3 1(g): 
p=0.001,  Est.  RR=1.27  for  Model  4;  p<0.001,  Est.  RR=1.28  for  Model  5;  and  p=0.002, 

Est.  RR=1.23  for  Model  6).  For  the  low,  medium,  and  high  categories  of  lipid-adjusted 
current  dioxin,  10.2  percent,  13.2  percent,  and  19.7  percent  of  the  Ranch  Hands  had  an 
impaired  2-hour  postprandial  glucose  level.  For  whole-weight  current  dioxin,  these 
percentages  were  8.4,  14.5,  and  20.6  for  the  low,  medium,  and  high  categories.  For  whole 
weight  current  dioxin  adjusted  for  total  lipids,  the  percentages  were  8.5,  14.5,  and  20.6 
percent.  The  Model  4  adjusted  analysis  revealed  a  highly  significant  interaction  between 
current  dioxin  and  race  (Table  18-3 1(h):  p=0.002).  Appendix  Table  N-2-15  presents  results 
from  further  analysis  of  this  interaction.  Without  the  interaction  in  the  final  model,  the 
association  between  current  dioxin  and  2-hour  postprandial  glucose  remained  significant 
(p=0.004,  Adj.  RR=1.27).  Body  fat  and  age  also  were  retained.  The  interaction  of  current 
dioxin  and  race  also  was  significant  in  the  Model  5  and  Model  6  adjusted  analyses  (p=0.023 
and  p=0.025  respectively).  Analyses  within  the  levels  of  race  were  performed  for  these 
interactions  and  results  are  shown  in  Appendix  Table  N-2-15.  Deletion  of  the  interaction 
from  each  of  the  final  whole-weight  current  dioxin  models  showed  a  significant  dioxin  effect 
(p=0.002,  Adj.  RR=1.28  for  Model  5  and  p=0.011,  Adj.  RR=1.23  for  Model  6).  Covariates 
retained  in  the  adjusted  analyses  included  age,  body  fat,  and  the  race-by-family  history  of 
diabetes  interaction. 
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Fasting  Urinary  Glucose  (All  Participants) 

Results  from  both  the  unadjusted  and  adjusted  group  analyses  of  fasting  urinary  glucose 
were  nonsignificant  (Table  18-32(a,b),  p>0.39  for  all  contrasts).  Covariates  retained  in  the 
adjusted  analysis  included  age,  race,  and  the  body  fat-by-family  history  of  diabetes  interaction. 

A  significant  association  between  fasting  urinary  glucose  and  initial  dioxin  was  evident 
from  the  Model  2  unadjusted  analyses  (Table  18-32(c):  p=0.023,  Est.  RR=1.39).  Fasting 
urinary  glucose  was  present  in  2.3  percent,  3.5  percent,  and  7.6  percent  of  the  Ranch  Hands 
for  the  low,  medium,  and  high  categories  of  initial  dioxin  respectively.  After  adjusting  for 
race  and  the  personality  type-by-family  history  of  diabetes  and  occupation-by-body  fat 
interactions,  the  relationship  between  initial  dioxin  and  fasting  urinary  glucose  remained 
significant  (Table  18-32(d):  p=0.002,  Adj.  RR=1.97). 

For  Model  3,  categorized  dioxin  was  not  significantly  associated  with  fasting  urinary 
glucose  in  the  unadjusted  analysis  (Table  18-32(e):  p>0.19  for  all  contrasts).  The  adjusted 
analysis  revealed  two  significant  categorized  dioxin  interactions,  one  with  personality  type  and 
the  other  with  body  fat  (Table  18-32(f):  p=0.018  and  p=0.011  respectively).  Appendix  Table 
N-2-16  presents  the  results  from  further  analyses  on  these  interactions.  No  significant 
differences  between  Comparisons  and  the  four  Ranch  Hand  categories  were  evident  after  the 
interactions  were  removed  from  the  final  model  (p>0.14  for  all  contrasts).  Additional 
CO  variates  retained  in  the  adjusted  analysis  included  age  and  race. 

Both  the  unadjusted  and  the  adjusted  analyses  for  Model  4  revealed  a  highly  significant 
relationship  between  current  dioxin  and  fasting  urinary  glucose  (Table  18-32(g,h):  p<0.001, 
Est.  RR=1.58  for  the  unadjusted  analysis  and  p<0.001,  Adj.  RR=1.70  for  the  adjusted 
analysis).  For  the  low,  medium,  and  high  current  dioxin  categories,  fasting  urinary  glucose 
was  present  in  1.0  percent,  3.4  percent,  and  5.4  percent  of  the  Ranch  Hands.  Age  and  the 
body  fat-by-family  history  of  diabetes  interaction  were  significant  covariates.  Both  the  Model 
5  and  Model  6  unadjusted  analyses  of  fasting  urinary  glucose  foimd  a  highly  significant 
association  with  current  dioxin  (Table  18-32:  p<0.001,  Est.  RR=1.62  for  Model  5  and 
p=0.001,  Est.  RR=1.48  for  Model  6).  For  each  analysis,  the  percentages  of  Ranch  Hands  with 
fasting  urinary  glucose  present  were  1.3,  2.0,  and  6.4  for  the  low,  medium,  and  high 
categories.  In  both  adjusted  analyses  for  Models  5  and  6,  the  interaction  of  current  dioxin  and 
personality  type  was  significant  (Table  18-32(h):  p=0.044  for  Model  5  and  p=0.027  for 
Model  6).  Analyses  of  these  interactions  are  presented  in  Appendix  Table  N-2-16.  In  each 
case,  the  removd  of  the  interaction  from  the  final  model  revealed  highly  significant 
associations  with  current  dioxin  (p<0.001,  Adj.  RR=1.72  for  Model  5  and  p<0.001, 

Adj.  RR=1.63  for  Model  6).  For  Model  5,  age  and  the  body  fat-by-family  history  of  diabetes 
interaction  were  significant  whereas,  for  Model  6,  age  and  race  were  significant. 

Fasting  Urinary  Glucose  (Diabetics) 

For  diabetics,  no  significant  differences  between  Ranch  Hands  and  Comparisons  were 
revealed  in  the  Model  1  analyses  of  fasting  urinary  glucose  in  diabetics  (Table  18-33(a,b): 
p>0.31  for  both  the  imadjusted  and  the  adjusted  contrasts).  Covariates  retained  in  the  adjusted 
analysis  included  diabetic  severity  and  the  body  fat-by-family  history  of  diabetes  interaction. 
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Table  18-32. 

Analysis  of  Fasting  Urinary  Glucose  (All  Participants) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


Occupational  Category 

Group 

u 

Percent 

Ptesent 

Est.  Relative  Risk 
(95%  CJ.) 

p^Value 

All 

Ranch  Hand 

948 

3.1 

1.00  (0.61,1.63) 

0.999 

Comparison 

1,276 

3.1 

Officer 

Ranch  Hand 

365 

2.5 

0.88  (0.38,2.06) 

0.938 

Comparison 

502 

2.8 

Enlisted  Flyer 

Ranch  Hand 

161 

3.1 

0.69  (0.23,2.09) 

0.697 

Comparison 

202 

4.5 

Enlisted  Groundcrew 

Ranch  Hand 

422 

3.6 

1.28  (0.63,2.62) 

0.621 

Comparison 

572 

2.8 

b)  MODEL  ! 

:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Adj.  Relative  Risk 

Occupational  Category 

(95%  C.I.) 

p-Value 

Covariate  Remarks^ 

All 

1.00  (0.61,1.66) 

0.994 

AGE(p<0.001) 

Officer 

0.83  (0.35,1.95) 

0.664 

RACE  (p =0.049) 
BFAT*FAMDIAB  (p  <0.001) 

Enlisted  Flyer 

0.64  (0.19,2.20) 

0.477 

Enlisted  Groundcrew 

1.37  (0.66,2.86) 

0.397 

“  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  18-32.  (Continued) 

Analysis  of  Fasting  Urinary  Glucose  (All  Participants) 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  —  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Lpgj  (Initial  Dioxin)^ 

Percent 

Estimated  Relative  Risk 

Diitial  Dioxin 

n 

Present 

(95%  C.I.)*’ 

p-Value 

Low 

172 

2.3 

1.39  (1.05,1.85) 

0.023 

Medium 

172 

3.5 

High 

172 

7.6 

d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

Analysis  Residts  for  Logj  (Initial  Dioxin)®^  ^  ^  ^ 

n  Add.  Relative  Risk  (95%  C  L)**  p-Value  Covariate  Remarks 

503  1.97  (1.25,3.11)  0.002  RACE  (p =0.044) 

OCC*BFAT  (p =0.034) 
_ PERS*FAMDIAB  (p=0.006) 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  18-32.  (Continued) 

Analysis  of  Fasting  Urinary  Glucose  (All  Participants) 
e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


Dioxin  Category 

n 

Percent 

Present 

Est.  Relative  Risk 
(95%  C.I.)"^ 

p-Value 

Comparison 

1,059 

3.1 

Background  RH 

374 

1.6 

0.67  (0.27,1.62) 

0.373 

LowRH 

257 

3.1 

0.84  (0.38,1.87) 

0.673 

HighRH 

259 

5.8 

1.53  (0.80,2.93) 

0.195 

Low  plus  High  RH 

516 

4.5 

1.19(0.68,2.08) 

0.542 

f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  ADJUSTED 


Adj.  Relative  Risk 


Dioxin  Cat^ory 

n 

(95%  C.I.)^'" 

p-Value 

Covariate  Renarks 

Comparison 

1,058 

DXCAT*PERS  (p=0.018) 
DXCAT*BFAT  (p=0.011) 

Background  RH 

374 

0.64(0.26,1.56)** 

0.327** 

AGE  (p=0.002) 
RACE  (p=0.021) 

LowRH 

256 

0.72(0.32,1.64)** 

0.431** 

HighRH 

259 

1.66  (0.84,3.28)** 

0.141** 

Low  plus  High  RH 

515 

1.14  (0.64,2.02)** 

0.661** 

^  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Categorized  dioxin-by-covariate  interactions  (0.01  <p<0.05);  adjusted  relative  risk,  confidence  interval, 
and  p-value  derived  from  a  model  fitted  after  deletion  of  these  interactions;  refer  to  Appendix 
Table  N-2-16  for  further  analysis  of  these  interactions. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  18-32.  (Continued) 

Analysis  of  Fasting  Urinary  Glucose  (All  Participants) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  —  CURRENT  DIOXIN  -  UNADJUSTED 


-  - 

Current  Dioxin  Cat^ory 
Percent  Presrat/(n) 

Analysis  Results  for  Logj 
(Current  Dioxin  +  1) 

ModeP 

Low 

Mediiun 

High 

Est.  R^tive  Ksk 
(95%  C.L)'’ 

p-Value 

4 

1.0 

(295) 

3.4 

(298) 

5.4 

(297) 

1.58  (1.25,1.99) 

<0.001 

5 

1.3 

(300) 

2.0 

(295) 

6.4 

(295) 

1.62  (1.30,2.01) 

<0.001 

6^ 

1.3 

(299) 

2.0 

(295) 

6.4 

(295) 

1.48  (1.17,1.87) 

0.001 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  ADJUSTED 


Analysis  Results  for  Logj  (Curroit  Dioxin  -f-  1) 

ModeP 

n 

Adj.  Relative  Risk 
(95%C.L)^ 

p- Value 

Cbvariate  Remarks 

4 

872 

1.70  (1.30,2.23) 

<0.001 

AGE  (p  =0.004) 
BFAT*FAMDIAB  (p =0.033) 

5 

871 

1.72  (1.33,2.21)** 

<0.001** 

CURR*PERS  (p=0.044) 

AGE  (p  =0.002) 
BFAT*FAMDIAB  (p  =0.035) 

6“ 

888 

1.63  (1.26,2.11)** 

<0.001** 

CURR*PERS  (p =0.027) 

AGE  (p =0.003) 

RACE  (p  =0.089) 

®  Model  4:  Logj  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Logj  (whole-weight  current  dioxin  -t-  1). 

Model  6:  Logi  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 


^  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

'  Adjusted  for  log2  total  lipids. 

^  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (current  dioxin  4-  l)-by-covariate  interaction  (0.01  <p <0.05);  adjusted  relative  risk,  confidence 
interval,  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table 
N-2-16  for  further  analysis  of  this  interaction. 

Note:  Model  4:  Low  =  ^  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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Table  18-33. 

Analysis  of  Fasting  Urinary  Glucose  (Diabetics) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 

-  UNADJUSTED 

Occupatioiml  Category 

Group 

11 

PercCTt 

Present 

Est.  Rdative  Risk 
(95%  C.I.) 

p-Value 

All 

Ranch  Hand 

142 

20.4 

0.95  (0.55,1.63) 

0.949 

Comparison 

178 

21.3 

Officer 

Ranch  Hand 

55 

16.4 

0.61  (0.24,1.56) 

0.428 

Comparison 

58 

24.1 

Enlisted  Flyer 

Ranch  Hand 

25 

20.0 

0.88  (0.25,3.07) 

0.999 

Comparison 

36 

22.2 

Enlisted  Groundcrew 

Ranch  Hand 

62 

24.2 

1.36  (0.61,3.01) 

0.585 

Comparison 

84 

19.0 

b)  MODEL  1 

;  RANCH  HANDS  VS.  COMPARISONS  —  ADJUSTED 

Occupational  Category 

Adj.  Relative  Risk 
:-  (95%‘:fc.L)'^ : 

p-Value 

Covariate  Remarks^ 

All 

0.81  (0.44,1.48) 

0.490 

DIABSEV  (p  <0.001) 

Officer 

0.59  (0.21,1.66) 

0.319 

FAMDIAB*BFAT  (p=0.008) 

Enlisted  Flyer 

0.60  (0.14,2.63) 

0.501 

Enlisted  Groundcrew 

1.14  (0.48,2.74) 

0.768 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  18-33.  (Continued) 

Analysis  of  Fasting  Urinary  Glucose  (Diabetics) 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Cat^oty  Siimmacy  Statistics 

Percent 

bitial  Dioxin  n  Present 


Analysis  Results  for  Logj  (Initial  Dioxin)^ 

Estimated  Rdative  Risk 
(95%  C.L)'> 


p-Value 


Low 

31 

12.9 

1.43  (1.03,2.00) 

0.031 

Medium 

31 

19.4 

High 

34 

38.2 

d)  MODEL  2:  RANCH  HANDS  - 

-  INITIAL  DIOXIN  - 

ADJUSTED 

Analysis  Results  for  Log^  (Initial  Dioxui)*^ 

n 

Adj.  Relative  Risk  (95%  C.L)>> 

p-Value 

Covariate  Remarks 

96 

2.13  (1.11,4.07) 

0.009 

RACE  (p =0.050) 
DIABSEV  (p =0.1 11) 
OCC*BFAT  (p =0.002) 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  18-33.  (Continued) 

Analysis  of  Fasting  Urinary  Glucose  (Diabetics) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  — 

UNADJUSTED 

Dioxin  Category 

n' 

Percent 

Present 

Est.  Relative  Ri^ 
i95%C.L)^ 

p^Vaitie 

Comparison 

147 

21.8 

Background  RH 

42 

14.3 

0.71  (0.27,1.86) 

0.483 

LowRH 

49 

16.3 

0.69  (0.29,1.62) 

0.394 

High  RH 

47 

31.9 

1.60  (0.77,3.35) 

0.209 

Low  plus  High  RH 

96 

24.0 

1.09  (0.59,2.02) 

0.780 

RANCH  HANDS  AND  COMPARISONS  BY  DIGJON  CATEGORY  -  ADJUSTED 

Adj.  Relative  Risk 

Dioxin  Cat^oiy 

;v;;:.:C:l(95%'C^L)“.;: 

p-Value 

Covariate  Rmarks 

Comparison 

146 

DXCAT*BFAT  (p=0.001) 

AGE*OCC  (p  =0.016) 

Backgroimd  RH 

39 

*j|cs|ejlc 

AGE*BFAT  (p  =0.007) 
AGE*DIABSEV  (p=0.028) 

LowRH 

48 

RACE*OCC  (p  <0.001) 
RACE*BFAT  (p =0.046) 

High  RH 

46 

OCC*DIABSEV  (p =0.007) 

Low  plus  High  RH 

94 

FAMDIAB*BFAT  (p=0.010) 

®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

’’  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

****  Categorized  dioxin-by-covariate  interaction  (p<0.01):  adjusted  relative  risk,  confidence  interval,  and  p- 
value  not  presented;  refer  to  Appendix  Table  N-2-17  for  further  analysis  of  this  interaction. 

Note;  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand);  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  18-33.  (Continued) 

Analysis  of  Fasting  Urinary  Glucose  (Diabetics) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  UNADJUSTED 


Current  Diosdn  Category 
Percent  Present/(n) 

Analyds  Results  for  Log2 
(Cuirrat  IMoxin  +  1) 

Modef* 

Low 

Medium 

High 

.  Est.  Rdative  Risk 
(95%  C.!.)** 

p-Value 

4 

10.7 

(28) 

17.9 

(56) 

29.6 

(54) 

1.46(1.11,1.92) 

0.005 

5 

15.4 

(26) 

11.1 

(54) 

32.8 

(58) 

1.44  (1.13,1.84)  • 

0.002 

6' 

15.4 

(26) 

11.1 

(54) 

32.8 

(58) 

1.37  (1.05,1.80) 

0.018 

h)  MODELS  4,  5,  AND  6;  RANCH  HANDS  -  CURRENT  DIOXIN  -  ADJUSTED 


Analysis  Results  for  Log2  (Cuirent  Dioxin  +  I) 

Model* 

n 

Adj.  Relative  Risk 
(95%  C  J.)'’  : 

p-Value 

4 

138 

1.49  (1.09,2.03) 

0.010 

DIABSEV  (p<0.001) 

5 

138 

1.44  (1.10,1.89) 

0.005 

DIABSEV  (p<0.001) 

O'* 

138 

1.39  (1.03,1.88) 

0.027 

DIABSEV  (p <0.001) 

®  Model  4:  Log2  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Log,  (whole-weight  current  dioxin  -1-1). 

Model  6;  Log2  (whole-weight  current  dioxin  -I-  1),  adjusted  for  log2  total  lipids. 

Relative  risk  for  a  twofold  increase  in  current  dioxin. 

^  Adjusted  for  log2  total  lipids. 

**  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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A  significant  association  between  fasting  urinary  glucose  and  initial  dioxin  was  seen  in 
the  unadjusted  Model  2  analysis  restricted  to  diabetics  (Table  18-33(c):  p=0.031,  Est. 
RR=1.43).  The  association  remained  significant  after  adjusting  for  race,  diabetic  severity,  and 
the  occupation-by-body  fat  interaction  (Table  18-33(d):  p=0.009,  Adj.  RR=2.13).  The 
percentage  of  diabetic  Ranch  Hands  with  fasting  urinary  glucose  present  were  12.9,  19.4,  and 
38.2  for  the  low,  medium,  and  high  initial  dioxin  categories. 

For  diabetics,  no  significant  results  were  evident  from  the  unadjusted  Model  3  analysis  of 
fasting  urinary  glucose  (Table  18-33(e):  p>0.20  for  all  contrasts).  However,  in  the  adjusted 
analysis,  a  highly  significant  interaction  between  categorized  dioxin  and  body  fat  was 
disclosed  (Table  18-33(f):  p=0.001).  Results  of  further  analysis  of  this  interaction  are 
displayed  in  Appendix  Table  N-2-17.  Significant  in  the  adjusted  analysis  were  age-by¬ 
occupation,  age-by-body  fat,  age-by-diabetic  severity,  race-by-occupation,  race-by-body  fat, 
occupation-by-diabetic  severity,  and  family  history  of  diabetes-by-body  fat  interactions.  After 
removing  the  interaction  and  body  fat  and  occupation  from  the  final  model,  no  significant 
differences  were  found  (Appendix  Table  N-3-20:  p>0.46). 

Each  of  the  Model  4  through  6  unadjusted  analyses  restricted  to  diabetics  showed  highly 
significant  associations  between  fasting  urinary  glucose  and  current  dioxin  (Table  18-33(g): 
p=0.005,  Est.  RR=1.46  for  Model  4;  p=0.002,  Est.  RR=1.44  for  Model  5;  and  p=0.018, 

Est.  RR=1.37  for  Model  6).  For  Model  4,  fasting  urinary  glucose  was  present  in  10.7  percent 
of  the  diabetic  Ranch  Hands  in  the  low  category,  17.9  percent  in  the  medium  category,  and 
29.6  percent  in  the  high  category.  In  the  low,  medium,  and  high  categories  of  current  dioxin 
for  both  Models  5  and  6,  15.4  percent,  11.1  percent,  and  32.8  percent  of  the  diabetic  Ranch 
Hands  had  fasting  urinary  glucose  present.  For  each  of  the  adjusted  analyses,  the  association 
between  fasting  urinary  glucose  and  current  dioxin  remained  significant  after  adjusting  for 
diabetic  severity  (Table  18-33(h):  p=0.010,  Adj.  RR=1.49  for  Model  4;  p=0.005,  Adj. 
RR=1.44  for  Model  5;  and  p=0.027,  Adj.  RR=1.39  for  Model  6). 

Fasting  Urinary  Glucose  (Nondiabetics) 

Only  one  nondiabetic  participant,  a  Comparison,  had  fasting  urinary  glucose  present; 
therefore,  for  this  variable,  unadjusted  and  adjusted  analyses  restricted  to  nondiabetics  were 
not  performed  for  Models  1  through  6  in  Table  1 8-34(a-h). 

2-Hour  Postprandial  Urinary  Glucose 

The  percentage  of  nondiabetic  Ranch  Hands  with  2-hour  postprandial  urinary  glucose 
present  did  not  differ  significantly  from  the  percentage  of  nondiabetic  Comparisons  with 
2-hour  pos^randial  urinary  glucose  present  in  the  imadjusted  and  adjusted  Model  1  analyses 
(Table  18-35(a,b);  p>0.57  for  all  contrasts).  Significant  covariates  included  age  and 
occupation. 

A  marginally  significant  positive  association  between  initial  dioxin  and  2-hour 
postprandial  urinary  glucose  was  evident  in  the  Model  2  unadjusted  analysis  (Table  18-35(c): 
p=0.074,  Est.  RR=1.18).  The  tracheotomized  levels  of  initial  dioxin  showed  that  for  the  low 
and  mediiun  dioxin  categories,  19.1  percent  and  15.6  percent  of  the  nondiabetic  Ranch  Hands 
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Table  18-34. 

Analysis  of  Fasting  Urinary  Glucose  (Nondiabetics) 


a)  MODEL  1:  RANCH  HANDS  vs. 

COMPARISONS 

Percent 

Occupational  Category 

Group 

n 

IVesent 

All 

Ranch  Hand 

806 

0.0 

Comparison 

1,098 

0.1 

Officer 

Ranch  Hand 

310 

0.0 

Comparison 

444 

0.0 

Enlisted  Flyer 

Ranch  Hand 

136 

0.0 

Comparison 

166 

0.6 

Enlisted  Groundcrew 

Ranch  Hand 

360 

0.0 

Comparison 

488 

0.0 

b)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN 
Initial  Dioxin  Gategoiy  Summary  Statistics 


Initial  Dioxin 

n 

Percent 

Present 

Low 

141 

0.0 

Medium 

141 

0.0 

High 

138 

0.0 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  18-34.  (Continued) 

Analysis  of  Fasting  Urinary  Glucose  (Nondiabetics) 


c)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

Dioxin  Category 

'Reseat 

Comparison 

912 

0.1 

Background  RH 

332 

0.0 

LowRH 

208 

0.0 

HighRH 

212 

0.0 

Low  plus  High  RH 

420 

0.0 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 
High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 


d)  MODELS  4,  5, 

AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN 

ModeP 

Low 

Current  Dioxin  Category 

Percent  Present/(n) 

Medium 

High 

4 

0.0 

0.0 

0.0 

(267) 

(242) 

(243) 

5 

0.0 

0.0 

0.0 

(274) 

(241) 

(237) 

6 

0.0 

0.0 

0.0 

(273) 

(241) 

(237) 

®  Model  4:  Log2  (lipid-adjusted  current  dioxin  4-  1). 

Model  5:  Log2  (whole-weight  current  dioxin  -I-  1). 

Model  6:  Log2  (whole-weight  current  dioxin  -I-  1),  adjusted  for  log2  total  lipids. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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Table  18-35. 

Analysis  of  2-Hour  Postprandial  Urinary  Glucose  (Nondiabetics) 


a)  MODEL  1:  RANCH  HANDS  vs.  COMPARISONS  -  UNADJUSTED 

Occupational  Cat^ory 

Group 

n 

Percait 

Present 

Est.  Relative  Risk 
(95%  C.L) 

p-Value 

All 

Ranch  Hand 

806 

18.6 

1.02  (0.81,1.29) 

0.895 

Comparison 

1,095 

18.3 

Officer 

Ranch  Hand 

308 

14.9 

1.10  (0.73,1.66) 

0.731 

Comparison 

443 

13.8 

Enlisted  Flyer 

Ranch  Hand 

137 

20.4 

0.87  (0.50,1.50) 

0.708 

Comparison 

166 

22.9 

Enlisted  Groundcrew 

Ranch  Hand 

361 

21.1 

1.02  (0.73,1.42) 

0.992 

Comparison 

486 

20.8 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 


Occupational  Category 

Adj.  Relative  Risk 
(95%  C.L)  ■ 

P“Value 

Covariate  Remarks^ 

All 

1.01  (0.80,1.28) 

0.914 

AGE  (p =0.002) 

Officer 

1.10  (0.72,1.66) 

0.659 

OCC  (p <0.001) 

Enlisted  Flyer 

0.85  (0.49,1.48) 

0.578 

Enlisted  Groundcrew 

1.02  (0.73,1.43) 

0.890 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  18-35.  (Continued) 

Analysis  of  2-Hour  Postprandial  Urinary  Glucose  (Nondiabetics) 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Categoty  Summaiy  Statistics 

Percent 


Analyas  Results  for  Logj  (Initial  Dio»n)^ 
Estimated  Rdative  Risk 


Mtial  Dioxin 

n 

Present 

(95%  C.!.)** 

p-Vaiue 

Low 

141 

19.1 

1.18  (0.98,1.41) 

0.074 

Medium 

141 

15.6 

High 

139 

28.1 

Analysis  Results  for  Logj  (Initiai  Dioxin)^ 

n  Adj.  Relative  Risk  (95%  C.!.)**  p-Value  Covariate  Remarks 

421 _ 1.18  (0.98,1-41) _ 0.074 _ 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  18-35.  (Continued) 

Analysis  of  2-Hour  Postprandial  Urinary  Glucose  (Nondiabetics) 

e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-  UNADJUSTED 

Dioxin  Category 

n 

Percent 

Present 

£st.  Relative  Risk 
(9S%C.I.)"^ 

p- Value 

Comparison 

910 

17.5 

Background  RH 

331 

16.9 

0.96(0.69,1.35) 

0.827 

LowRH 

208 

18.8 

1.11  (0.75,1.64) 

0.604 

HighRH 

213 

23.0 

1.39  (0.97,2.00) 

0.076 

Low  plus  High  RH 

421 

20.9 

1.25  (0.93,1.67) 

0.137 

f)  MODEL  S: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

Diorin  Gati^ory 

Adj ;  RdatiVe  Risk 
(95%  C.I.)"“ 

p-Value 

Covariate  Ronarks 

Comparison 

910 

AGE  (p=0.005) 

OCC(p  <0.001) 

Background  RH 

331 

1.09(0.77,1.54) 

0.620 

LowRH 

208 

1.08  (0.73,1.60) 

0.699 

High  RH 

213 

1.21  (0.83,1.77) 

0.315 

Low  plus  High  RH 

421 

1.15  (0.85,1.55) 

0.366 

®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note;  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  18-35.  (Continued) 

Analysis  of  2-Hour  Postprandial  Urinary  Glucose  (Nondiabetics) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  13NADJUSTED 


ModeP 

Low 

Current  Dioxin  C^^ory 
Percent  Present/(n) 

Medium 

ffigh 

Analysis  Results  for  Logj 
(Currmt  Dioxin  -t-  1) 

Est.  Rdative  l^k 

(95%  C.I.)'’  p-Value 

4 

16.9 

(267) 

16.2 

(241) 

24.6 

(244) 

1.16  (1.03,1.32) 

0.018 

5 

16.1 

(273) 

17.0 

(241) 

24.8 

(238) 

1.17  (1.05,1.31) 

0.005 

6" 

16.2 

(272) 

17.0 

(241) 

24.8 

(238) 

1.11  (0.98,1.24) 

0.095 

h)  MODELS  4,  5/ AND  6:  R^  HANDS  -  CURRENT  DiOXIN  --  M)JUSTED 


Analysis  Results  for  Log2 

(CutT«at  Dioxin  -t-  1) 

ModeP 

n 

Adj.  Relative  Risk 
(95%  C.I.)'’ 

p-Value 

Covariate  Remarks 

4 

752 

1.13  (0.99,1.28) 

0.075 

BEAT  (p =0.082) 

5 

752 

1.17  (1.04,1.32) 

0.011 

AGE  (p=0.096) 

BEAT  (p=0. 114) 

6“ 

751 

1.03  (0.90,1.19)** 

0.636**  CURR*OCC  (p=0.029) 

AGE  (p=0.028) 

BEAT  (p=0.051) 

®  Model  4:  Log,  (lipid-adjusted  current  dioxin  -1-1). 

Model  5:  Log2  (whole-weight  current  dioxin  -1-1). 

Model  6:  Log^  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

**  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

'  Adjusted  for  log2  total  lipids. 

Adjusted  for  loga  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (current  dioxin  -I-  l)-by-covariate  interaction  (0.01  <p^0.05);  adjusted  relative  risk,  confidence 
interval,  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table 
N-2-18  for  further  analysis  of  this  interaction. 

Note:  Model  4:  Low  =  <8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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had  2-hour  postprandial  urinary  glucose  present  compared  to  28.1  percent  for  the  high  dioxin 
category.  The  results  of  the  Model  2  adjusted  analysis  were  identical  to  those  of  the 
unadjusted  analysis  because  no  co variates  were  significant. 

In  the  Model  3  unadjusted  analysis,  the  difference  in  the  percentages  of  nondiabetic 
participants  with  2-hour  postprandial  urinary  glucose  present  was  marginally  significant  for 
high  Ranch  Hands  versus  Comparisons  (Table  18-35(e):  p=0.076,  Est.  RR=1.39,  23.0  vs. 
17.5).  After  adjusting  for  age  and  occupation,  the  difference  was  no  longer  significant  (Table 
18-35(f):  p=0.315).  Likewise,  the  remaining  three  contrasts  between  Ranch  Hands  and 
Comparisons  were  nonsignificant  (p>0.36).  After  removing  occupation  from  the  final  model, 
however,  high  Ranch  Hands  were  again  found  to  differ  significantly  from  Comparisons 
(Appendix  Table  N-3-21:  p=0.048,  Est.  RR=1.45). 

Significant  positive  associations  between  current  dioxin  and  2-hour  postprandial  urinary 
glucose  were  revealed  in  each  of  the  Model  4  through  6  unadjusted  analyses  (Table  18-35(g): 
p=0.018,  Est.  RR=1.16  for  Model  4;  p=0.005,  Est.  RR=1.17  for  Model  5;  and  p=0.095,  Est. 
RR=1.11  for  Model  6).  For  the  low  and  medium  categories  of  current  dioxin  for  Model  4, 
16.9  percent  and  16.2  percent  of  nondiabetic  Ranch  Hands  had  2-hour  postprandial  urinary 
glucose  present  compared  to  24.6  percent  for  the  high  category.  For  the  low  dioxin  categories 
of  Models  5  and  6,  16.1  percent  and  16.2  percent  of  nondiabetic  Ranch  Hands  had  2-hojusted 
analysis,  the  interaction  of  current  dioxin  and  occupation  was  significant  (p=0.029).  See 
Appendix  Table  N-2-18  for  stratified  results.  After  removing  the  interaction  from  the  final 
model,  no  significant  dioxin  effect  was  evident  (p=0.636).  However,  the  removal  of 
occupation  and  body  fat  from  the  final  model  caused  the  dioxin  effect  to  once  again  become 
marginally  significant  (Appendix  Table  N-3-21:  p=0.051,  Adj.  RR=1.13).  Age  and  body  fat 
were  retained  in  the  adjusted  Model  6  analysis. 

Serum  Insulin  (All  Participants — Continuous) 

In  the  unadjusted  Model  1  analysis,  overall  mean  serum  insulin  levels  did  not  differ 
significantly  between  Ranch  Hands  and  Comparisons  (Table  18-36(a):  p=0.581).  However, 
when  analyzed  by  occupation,  there  was  a  marginally  significant  difference  between  the  two 
groups  in  the  officer  category  (Diff.  of  Adj.  Mean=4.03,  p=0.096).  Adjustment  for  covariate 
information  disclosed  significant  group  interactions  with  age  and  body  fat  (Table  18-36(b): 
p=0.029  and  p=0.018  respectively).  Appendix  Table  N-2-19  displays  stratified  results  from 
analyses  on  each  of  these  interactions.  A  significant  difference  in  serum  insulin  means 
between  Ranch  Hands  and  Comparisons  was  found  in  obese  participants  (Appendix 
Table  N-2-19:  p=0.017,  Diff.  of  Adj.  Means=10.17),  but  not  in  lean  or  normal  participants 
(p=0.380).  Removal  of  the  interactions  from  the  final  model  did  not  reveal  significant 
ifferences  between  Ranch  Hands  and  Comparisons  (Table  18-36(b):  p>0.11  for  all 
contrasts).  Also  significant  in  the  adjusted  analyses  were  fasting  status  and  the  age-by-body 
fat,  race-by-occupation,  personality  type-by-family  history  of  diabetes,  and  body  fat-by¬ 
occupation  interactions. 

No  significant  association  between  initial  dioxin  and  serum  insulin  was  foimd  in  the 
unadjusted  and  adjusted  Model  2  analyses  (Table  18-36(c,d):  p>0.11).  Covariates  retained  in 
the  adjusted  analyses  included  fasting  status  and  the  age-by-body  fat  and  body  fat-by- 


18-188 


Table  18-36. 

Analysis  of  Serum  Insulin  (mlU/ml)  (All  Participants) 
(Continuous) 


#  MODEL!:  RANCH  HANDS  vs. 

COMPARISONS  - 

-UNADJUSTED 

Occupational 

Cat^ory 

Group 

Difference  of  Means 
(95%  0.1.)*= 

p-Value** 

All 

Ranch  Hand 

950 

42.64 

0.88  ~ 

0.581 

Comparison 

1,277 

41.77 

Officer 

Ranch  Hand 

365 

42.25 

4.03  - 

0.096 

Comparison 

502 

38.23 

Enlisted  Flyer 

Ranch  Hand 

162 

42.65 

-4.26  - 

0.303 

Comparison 

202 

46.91 

Enlisted  Groundcrew 

Ranch  Hand 

423 

42.68 

-0.34  - 

0.887 

Comparison 

573 

43.02 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 


Occupational 

Category 

Group 

n 

Adj.  Difference  of  Adj. 

Mean®  Means  (95%  0.1.)=  p-Value*^ 

Covariate  Remarks® 

All 

Ranch  Hand 

931 

37.83** 

0,91  -** 

0.472** 

GROUP*AGE  (p =0.029) 

Comparison 

1,258 

36.92** 

GROUP*BFAT  (p=0.018) 

Officer 

Ranch  Hand 

359 

44.11** 

3.43 

0.134** 

FAST(p<0.001) 
AGE*BFAT  (p=0.010) 

Comparison 

499 

40.68** 

RACE*OCC  (p=0.005) 

Enlisted 

Ranch  Hand 

158 

30.04** 

-4.23  -** 

0.114** 

PERS*FAMDIAB  (p=0.004) 

Flyer 

Comparison 

197 

34.27** 

BFAT*OCC  (p=0.039) 

Enlisted 

Ranch  Hand 

414 

38.52** 

1.22  -** 

0.524** 

Groimdcrew 

Comparison 

562 

37.30** 

*  Transformed  from  the  natural  logarithm  scale. 

Adjusted  for  fasting  status. 

J 

^  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 

^  P-values  based  on  difference  of  means  on  natural  logarithm  scale. 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 

**  Group-by-covariate  interactions  (0,01  <p<0.05);  adjusted  mean,  difference  of  adjusted  means,  and  p-value 
derived  from  a  model  fitted  after  deletion  of  these  interactions;  refer  to  Appendix  Table  N-2-19  for  further 
analysis  of  these  interactions. 
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Table  18-36.  (Continued) 

Analysis  of  Serum  Insulm  (mlU/ml)  (All  Participants) 
(Continuous) 


c)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics  ^ 

Analysis  Results  for  Logj  (Enitial  Dioxin)*^ 

Initial  Dioxin 

n 

Mean* 

Adj. 

Mean=^  , 

R^ 

SIO^  : 
(Std.  Error)'^ 

p-Value 

Low 

173 

42.29 

41.17 

0.218 

0.0208  (0.0289) 

0.472 

Medium 

172 

46.09 

44.25 

High 

173 

47.26 

42.77 

d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 


Initial  Dioxin  Category  Summary 
Statistics 

Adj. 


Analysis  Results  for  Logj  (Initial  Dioxin)’^ 
Adj.  Slope 


Initial  Dioxin 

n 

Meart®^ 

R^ 

(Std.  Error)^ 

p-Value 

Covariate  Remarks 

Low 

173 

37.92 

0.347 

0.0484 

0.119 

FAST  (p<0.001) 

(0.0310) 

AGE*BFAT  (p <0.001) 

BFAT*OCC  (p=0.009) 

Medium 

172 

42.95 

High 

173 

44.45 

®  Transformed  from  natural  logarithm  scale. 

*’  Adjusted  for  fasting  status. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  fasting  status. 

**  Slope  and  standard  error  based  on  namral  logarithm  of  serum  insulin  versus  log2  (initial  dioxin). 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  colunm. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  18-36.  (Continued) 

Analysis  of  Serum  Insulin  (mlU/ml)  (All  Participants) 
(Continuous) 


€)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


Dioxin  Cat^ory 

n 

Mean^ 

Adj. 

Mean“ 

IMfference  of  Adj. 

Mean  vs.  Ctmiparisons 
(95%  C.I.)^ 

p-Vahie® 

Comparison 

1,060 

43.17 

39.93 

Background  RH 

374 

37.95 

38.39 

-1.54  ~ 

0.430 

Low  RH 

258 

46.65 

42.23 

2.30  - 

0.327 

HighRH 

260 

49.93 

42.91 

2.99  - 

0.208 

Low  plus  High  RH 

518 

48.27 

42.57 

2.64  - 

0.148 

RANCH  HANDS  AND  CGMI^MUSQNS  BY  DIOXM  G^ 

Difference  of  Adj. 

Adj. 

Mean  vs.  Comparisons 

Dioxin  Category 

Mean^ 

(95%  C.!.)** 

p-Value® 

Covariate  Remarks 

Comparison 

1,044 

**** 

DXCAT*AGE  (p =0.002) 

BEAT  (p< 0.001) 

Background  RH 

368 

FAST  (p<0.001) 

Low  RH 

251 

RACE*OCC  (p =0.002) 

OCC*PERS  (p =0.024) 

HighRH 

254 

FAMD1AB*PERS  (p =0.003) 

Low  plus  High  RH 

505 

®  Transformed  from  natural  logarithm  scale. 

Adjusting  for  fasting  status. 

'  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  fasting  stams. 

^  Difference  of  adjusted  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of 
adjusted  means  not  presented  because  analysis  was  performed  on  natural  logarithm  scale. 

®  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  'Covariate  Remarks"  column. 

****  Categorized  dioxin-by-covariate  interaction  (p<0.01);  adjusted  mean,  difference  of  adjusted  means,  and 
p-value  not  presented;  refer  to  Appendix  Table  N-2-19  for  further  analysis  of  this  interaction. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  ^  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  18-36.  (Continued) 

Analysis  of  Serum  Insulin  (mlU/ml)  (All  Participants) 
(Continuous) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  —  CURRENT  DIOXIN  -  UNADJUSTED 


Model" 

Low 

Current  Dionn  Cat^ory 
Mean*y(n) 

Medium 

EBgh 

R* 

Analysis  Results  for  Ix^ 
(Currmt  Dioxin  +  1) 
Slope 

CStd.  Error)** 

a 

p-Value 

4 

34.64 

43.68 

48.92 

0.113 

0.0989 

<0.001 

(295) 

(299) 

(298) 

(0.0205) 

5 

33.85 

43.65 

49.32 

0.122 

0.1008 

<0.001 

(300) 

(296) 

(296) 

(0.0175) 

6" 

35.04 

42.85 

45.29 

0.140 

0.0726 

<0.001 

(299) 

(296) 

(296) 

(0.0186) 

h)  MODELS  4,  5,  AND  6;  RANCH  HANDS  -  CURRENT  DIOXIN  -  ADJUSTED 


Model" 

Current  Diojdn  Cat^oiy 
Adjusted  Mean^/(n) 

Low  Medium  High 

R^ 

Analysis  Results  for  Logj 
(Cun*ent  Dioxin  +  1) 

.  .  .. ....  AdJ .  Slope . .- .. 

(Std.  Error)**  p-Value  Covariate  Remarks 

4 

34.58 

(290) 

36.68 

(294) 

40.99 

(290) 

0.316 

0.0374  (0.0220) 

0.090 

AGE  (p  <0.001) 

BEAT  (p <0.001) 

FAST  (p  <0.001) 
OCC*FAMDIAB  (p  =0.013) 

5 

34.37 

(296) 

36.71 

(290) 

40.93 

(288) 

0.318 

0.0455  (0.0186) 

0.015 

AGE  (p <0.001) 

BEAT  (p <0.001) 

FAST  (p  <0.001) 
OCC*FAMDIAB  (p =0.015) 

6* 

35.92** 

(299) 

36.75** 

(296) 

38.57** 

(296) 

0.328 

0.0203  (0.0197)** 

0.303** 

CURR*BFAT  (p=0.022) 
OCC  (p =0.055) 

FAST  (p  <0.001) 
AGE*BFAT  (p =0.034) 

®  Transformed  from  natural  logarithm  scale. 


Adjusted  for  fasting  status. 

®  Model  4:  Logj  (lipid-adjusted  current  dioxin  -I-  1). 

Model  5:  Logj  (whole-weight  current  dioxin  -(-  1). 

Model  6:  Logj  (whole-weight  current  dioxin  -I-  1),  adjusted  for  log2  total  lipids. 

**  Slope  and  standard  error  based  on  natural  logarithm  of  serum  insulin  versus  logj  (current  dioxin  +  1). 

®  Adjusted  for  log2  total  lipids  and  fasting  status. 

Adjusted  for  logj  total  lipids  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (current  dioxin  +  l)-by-covariate  interaction  (0.01  <p<0.05);  adjusted  mean,  adjusted  slope,  standard 
error,  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table 
N-2-19  for  further  analysis  of  this  interaction. 

Note;  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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occupation  interactions.  Once  occupation  and  body  fat  were  removed  from  the  final  model, 
the  dioxin  effect  became  significant  (Appendix  Table  N-3-22:  p=0.043,  Slope=0.0607). 

In  the  Model  3  unadjusted  analysis,  the  difference  in  mean  levels  of  serum  insulin  did 
not  differ  significantly  between  the  four  Ranch  Hand  categories  and  the  Comparison  group 
(Table  18-36(e):  p>0.14  for  all  contrasts).  The  adjusted  analysis  revealed  a  highly  significant 
interaction  between  categorized  dioxin  and  age  (Table  18-36(f):  p=0.002).  Stratified  results 
for  the  interaction  are  presented  in  Appendix  Table  N-2-19.  Because  of  the  high  significance 
level  of  the  interaction,  subsequent  analysis  removing  it  from  the  final  model  was  not 
performed.  Additional  covariates  retained  in  the  adjusted  analysis  were  body  fat  and  fasting 
status  and  the  race-by-occupation,  occupation-by-personality  type,  and  family  history  of 
diabetes-by-personality  type  interactions. 

Each  of  the  Model  4  through  6  unadjusted  analyses  revealed  a  highly  significant 
association  between  serum  insulin  and  current  dioxin  (Table  18-36(g):  p<0.001  for  each 
analysis).  A  similar  trend  in  means  was  evident  for  each  analysis,  with  mean  serum  insulin 
increasing  Avith  dioxin  level.  After  adjusting  for  covariate  information  for  Model  4,  the 
association  between  current  dioxin  and  serum  insulin  was  marginally  significant 
(Table  18-36(h);  p=0.090,  Slope=0.0374).  Adjusted  means  for  the  low,  medium,  and  high 
categories  of  current  dioxin  were  34.58  mlU/ml,  36.68  mlU/ml,  40.99  mlU/ml  respectively. 
For  the  Model  5  adjusted  analysis,  there  was  again  a  significant  association  between  serum 
insulin  and  current  dioxin  (p=0.015,  Slope=0.0455).  For  this  analysis,  adjusted  means  were 
34.37  mlU/ml,  36.71  mJU/ml,  and  40.93  mlU/ml  for  the  low,  medium,  and  high  dioxin 
categories.  For  both  the  Model  4  and  5  adjusted  analyses,  age,  body  fat,  fasting  status  and  the 
occupation-by-family  history  of  diabetes  interaction  were  significant.  In  the  Model  6  adjusted 
analysis,  the  interaction  of  current  dioxin  and  body  fat  was  significant  (p=0.022).  Refer  to 
Appendix  Table  N-2-19  for  results  from  fiirther  analysis  on  this  interaction.  The  association 
between  serum  insulin  and  current  dioxin  was  nonsignificant  after  deletion  of  the  interaction 
from  the  final  model  (p=0.303,  Slope=0.0203).  Occupation,  fasting  status,  and  the  age-by¬ 
body  fat  interaction  were  retained  in  the  adjusted  analysis.  For  each  of  the  Model  4  through  6 
analyses,  removal  of  body  fat  and  occupation  from  the  final  model  led  to  highly  significant 
associations  between  senim  insulin  and  current  dioxin  (Appendix  Table  N-3-22:  p<0.001  for 
each  analysis). 

Serum  Insulin  (All  Participants — ^Discrete) 

In  the  Model  1  unadjusted  analysis  of  serum  insulin,  no  significant  differences  in  the 
percentages  of  abnormalities  between  Ranch  Hands  and  Comparisons  were  found 
(Table  18-37(a):  p>0.20  for  all  analyses).  In  the  adjusted  analysis,  two  group  interactions 
involving  age  and  body  fat  were  retained  (Table  18-37(b):  p=0.008  and  p=0.020 
respectively).  Appendix  Table  N-2-20  presents  the  results  from  further  analyses  on  these 
interactions.  After  removing  the  interactions  from  the  final  model,  no  significant  group  effect 
was  disclosed  (p>0.20  for  all  analyses).  Other  significant  covariates  included  occupation  and 
personality  type. 

Results  from  the  unadjusted  Model  2  analysis  of  serum  insulin  were  nonsignificant 
(Table  18-37(c):  p>0.24).  Adjusting  for  age  and  body  fat  led  to  a  marginally  significant 
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Group-by-covariate  interactions  (p^O.05);  adjusted  relative  risk,  confidence  interval,  and  p-value  derived  from  a  model  fitted  after  deletion  of  these 
interactions:  refer  to  Appendix  Table  N-2-20  for  further  analysis  of  these  interactions. 
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Table  18-37.  (Continued) 

Analysis  of  Serum  Insulin  (All  Participants) 
(Discrete) 
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Logj  (current  dioxin  +  l)-by-covariate  interaction  (0.01  <pg0.05);  adjusted  relative  risk,  confidence  interval,  and  p-value  derived  from  a  model 
fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  N-2-20  for  further  analysis  of  this  interaction. 


negative  association  between  initial  dioxin  and  abnormally  low  serum  insulin  (Table  18-37(d): 
p=0.064,  Adj.  RR=0.67).  After  body  fat  was  removed  from  the  final  model,  the  initial  dioxin 
effect  became  nonsignificant  (Table  N-3-23:  p=0.103). 

The  association  between  serum  insulin  and  categorized  dioxin  was  nonsignificant  in  the 
unadjusted  Model  3  analysis  (Table  18-37(e):  p>0.11  for  all  analyses).  The  adjusted  analysis 
revealed  four  significant  categorized  dioxin  interactions  involving  age,  occupation,  personsdity 
type,  and  body  fat  (Table  18-37(f):  p=0.028,  p=0.033,  p=0.011,  and  p=0.006  respectively). 
Results  from  further  analyses  on  these  interactions  are  found  in  Appendix  Table  N-2-20.  Also 
significant  in  the  adjusted  analysis  were  family  history  of  diabetes  and  the  race-by-personality 
type  interaction.  The  difference  between  Ranch  Hands  and  Comparisons  was  nonsignificant 
after  the  interactions  were  deleted  from  the  final  model  (Table  18-37(f):  p>0.12  for  all 
analyses).  After  removing  body  fat  and  occupation  from  the  model,  the  relative  risk  of 
abnormally  high  serum  insulin  between  background  Ranch  Hands  and  Comparisons  became 
significant  (Table  N-3-23:  p=0.040,  Adj.  RR=0.76). 

In  the  unadjusted  Model  4  analysis,  a  significant  association  between  serum  insulin  and 
current  dioxin  was  revealed  for  both  the  abnormally  low  and  abnormally  high  categories  of 
serum  insulin  (Table  18-37(g):  p=0.038,  Est.  RR=0.77  for  low  vs.  normal  and  p=0.016,  Est. 
RR=1.12  for  high  vs.  normal).  In  the  adjusted  analysis,  a  significant  interaction  between 
current  dioxin  and  body  fat  was  revealed  (Table  18-37(h):  p=0.039).  Refer  to  Appendix 
Table  N-2-20  for  further  analysis  of  this  interaction.  After  removing  the  interaction  from  the 
final  model,  a  significant  dioxin  effect  was  not  seen  (p>0.22  for  both  analyses).  However, 
also  removing  body  fat  from  the  adjusted  model  caused  the  association  with  dioxin  to  become 
significant  (Appendix  Table  N-3-23:  p=0.016,  Adj.  RR=0.74  for  low  vs.  normal  and  p=0.001, 
Adj.  RR=1.19  for  high  vs.  normal).  Additional  covariates  significant  in  the  adjusted  analysis 
of  Model  4  included  age  and  the  body  fat-by-personality  type  interaction.  The  results  of  the 
Model  5  analyses  of  serum  insulin  closely  parallel  those  of  the  Model  4  analyses.  In  the 
imadjusted  analysis,  a  significant  association  between  serum  insulin  and  current  dioxin  was 
disclosed  for  both  the  abnormally  low  and  abnormally  high  serum  insulin  categories 
(Table  18-37(g):  p=0.021,  Est.  RR=0.80  for  low  vs.  normal  and  p=0.002,  Est.  RR=1.14  for 
high  vs.  normal).  The  adjusted  analysis  revealed  a  significant  interaction  between  cxurent 
dioxin  and  body  fat  (Table  18-37(h):  p=0.035).  Appendix  Table  N-2-20  displays  results 
from  further  analysis  of  this  interaction.  A  significant  association  between  serum  insulin  and 
cxurent  dioxin  was  not  evident  once  the  interaction  was  removed  from  the  final  model 
(p>0.15).  However,  removal  of  body  fat  caused  the  association  between  seriun  insulin  and 
cxurent  dioxin  to  become  significant  (Appendix  Table  N-3-23:  p=0.010,  Adj.  RR=0.79  for 
low  vs.  normal  and  p<0.001,  Adj.  RR=1.20  for  high  vs.  normal).  Age  and  the  personality 
type-by-body  fat  interaction  also  were  significant  in  the  adjusted  analysis  of  Model  5.  The 
Model  6  xmadjusted  analysis  of  seriun  insulin  revealed  a  significant  association  with  current 
dioxin  for  both  the  abnormally  low  and  abnormally  high  categories  of  serum  insulin 
(Table  18-37(g):  p=0.021,  Est.  RR=0.79  for  low  vs.  normal  and  p=0.013,  Est.  RR=1.12  for 
high  vs.  normal).  After  adjusting  for  the  body  fat-by-age  and  personality  type-by-body  fat 
interactions,  the  association  was  nonsignificant  (Table  18-37(h):  p>0.15).  However,  removal 
of  body  fat  from  the  final  model  caused  the  associations  between  serxun  insulin  and  cxurent 
dioxin  to  become  significant  (Appendix  Table  N-3-23:  p=0.008,  Adj.  RR=0.77  for  low  vs. 
normal  and  p=0.001,  Adj.  RR=1.17  for  high  vs.  normal). 
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Serum  Insulin  (Diabetics — Continuous) 

Neither  the  unadjusted  nor  the  adjusted  Model  1  analyses  of  serum  insulin  restricted  to 
diabetics  revealed  a  significant  difference  between  Ranch  Hands  and  Comparisons 
(Table  18-38(a,b):  p>0.10  for  all  contrasts).  Race,  body  fat,  diabetic  severity,  fasting  status, 
and  the  personality  type-by-family  history  of  diabetes  interaction  were  significant  in  the 
adjusted  analysis. 

The  Model  2  analyses  of  serum  insulin  in  diabetics  did  not  show  a  significant  association 
between  initial  dioxin  and  serum  insulin  (Table  18-38(c,d):  p>0.14  for  both  analyses).  Race, 
body  fat,  diabetic  severity,  and  fasting  status  were  retained  in  the  adjusted  analysis. 

In  the  Model  3  unadjusted  analysis,  the  difference  in  mean  serum  insulin  levels  between 
diabetic  Ranch  Hands  in  the  low  category  and  diabetic  Comparisons  was  marginally 
significant  (Table  18-38(e):  p=0.073,  Diff.  of  Adj.  Mean=15.93).  For  low  Ranch  Hands, 
mean  serum  insulin,  adjusted  for  fasting  status,  was  68.73  mlU/ml  compared  to  52.80  mlU/ml 
for  Comparisons.  The  remaining  three  contrasts  were  not  significant  (p>0.31).  Likewise,  in 
the  adjusted  analysis,  mean  serum  insulin  was  significantly  greater  in  low  Ranch  Hands  (54.49 
mlU/ml)  than  in  Comparisons  (40.11  mlU/ml)  (Table  18-38(f):  p=0.027,  Diff  of  Adj. 
Means=14.39).  There  were  no  significant  differences  between  the  other  three  Ranch  Hand 
categories  and  the  Comparison  group  (p>0.24).  Significant  covariates  included  race,  body  fat, 
diabetic  severity,  fasting  status,  and  the  personalty  type-by-family  history  of  diabetes 
interaction. 

None  of  the  Model  4,  5,  and  6  imadjusted  and  adjusted  analyses  found  a  significant 
association  between  serum  insulin  in  diabetics  and  current  dioxin  (Table  18-38(g,h):  p>0.16 
for  all  analyses).  In  each  adjusted  analysis,  race,  body  fat,  fasting  status,  and  the  personality 
type-by-family  history  of  diabetes  interaction  were  significant. 

Serum  Insulin  (Diabetics — ^Discrete) 

There  were  no  diabetic  Ranch  Hands  and  only  two  diabetic  Comparisons  with 
abnormally  low  levels  of  serum  insulin.  Therefore,  for  diabetics,  only  differences  between 
participants  with  abnormally  high  levels  of  serum  insulin  versus  participants  with  normal 
levels  of  serum  insulin  were  analyzed. 

Neither  the  Model  1  unadjusted  nor  adjusted  analyses  of  serum  insulin  revealed  a 
significant  difference  between  Ranch  Hands  and  Comparisons  (Table  18-39(a,b):  p>0.14  for 
all  analyses).  Covariates  retained  in  the  adjusted  analysis  were  occupation,  diabetic  severity, 
and  personality  type-by-family  history  of  diabetes  and  body  fat-by-family  history  of  diabetes 
interactions. 

In  the  Model  2  unadjusted  analysis,  a  highly  significant  negative  association  between 
abnormally  high  serum  insulin  and  initial  dioxin  was  disclosed  (Table  18-39(c):  p=0.003,  Est. 
RR=0.62).  The  percentage  of  diabetic  participants  with  abnormally  high  levels  of  serum 
insulin  was  61.3  percent  and  77.4  percent  for  the  low  and  medium  dioxin  categories  versus 
35.3  percent  for  the  high  category.  Adjusting  for  covariate  information  led  to  significant 
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Table  18-38, 

Analysis  of  Serum  Insulin  (mlU/ml)  (Diabetics) 
(Continuous) 


a)  MODEL  1:  RANCH  HANDS  VS. 

COMPARISONS —UNADJUSTED 

Occupational 

Category 

Group 

Mean^ 

Difference  of  Means 
(9S%C.L)'> 

p-Value'^ 

All 

Ranch  Hand 

142 

59.78 

9.08  - 

0.102 

Comparison 

179 

50.70 

Officer 

Ranch  Hand 

55 

70.41 

14.74  - 

0.163 

Comparison 

58 

55.68 

Enlisted  Flyer 

Ranch  Hand 

25 

50.02 

3.96  - 

0.723 

Comparison 

36 

46.05 

Enlisted  Groundcrew 

Ranch  Hand 

62 

55.56 

5.98  - 

0.445 

Comparison 

85 

49.58 

b)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS 

-  ADJUSTED 

Occupational 

Category 

Group 

n 

Adj. 

Mean^ 

Difference  of  Adj. 
Means  (95%  C.I.)'’ 

p-Value® 

Covariate  Remarks^ 

All 

Ranch  Hand 

137 

49.23 

6.27- 

0.149 

RACE  (p<0.001) 

Officer 

Comparison 

Ranch  Hand 
Comparison 

177 

53 

58 

42.96 

53.16 

43.45 

9.72  - 

0.206 

BEAT  (p <0.001) 
DIABSEV  (p<  0.001) 
FAST  (p <0.001) 
PERS*FAMDIAB 

Enlisted 

Ranch  Hand 

24 

44.35 

-2.05  - 

0.838 

(p=0.036) 

Flyer 

Comparison 

34 

46.39 

Enlisted 

Ranch  Hand 

60 

48.45 

6.90  - 

0.274 

Groundcrew 

Comparison 

85 

41.54 

^  Transformed  from  the  natural  logarithm  scale. 

^  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 

^  P- values  based  on  difference  of  means  on  natural  logarithm  scale. 

^  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 


18-201 


Table  18-38.  (Continued) 

Analysis  of  Serum  Insulin  (mlU/ml)  (Diabetics) 
(Continuous) 


c)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN  —  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Logj  (Initial  Dioxin)"^ 

Initial  Dioxin 

n 

Mean* 

Adj. 

Mean®^ 

R^ 

Slope 

(Std.  Error)^ 

p-Value 

Low 

31 

67.73 

60.55 

0.537 

-0.0911  (0.0619) 

0.144 

Medium 

31 

78.82 

75.92 

High 

34 

34.17 

47.25 

d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 


Initial  Dioxin  Category  Summary 

,.AdJ.  "■ 


Initial  Dioxin 

Mean^^ 

Low 

31 

52.62 

Medium 

31 

60.64 

High 

34 

42.27 

Analysis  Results  for  Log2  (Initial  Dioxin)® 


R^ 


Adj«  Slope 
(Std.  Error)"^ 


p-Value  Covariate  Remarks 


0.596  -0.0906  (0.0610)  0.142 


RACE  (p  =0.047) 
BEAT  (p  =0.022) 
DIABSEV  (p=0.626) 
FAST  (p<0.001) 


^  Transformed  from  natural  logarithm  scale. 

^  Adjusted  for  fasting  status. 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  fasting  status. 

^  Slope  and  standard  error  based  on  natural  logarithm  of  serum  insulin  versus  log2  (initial  dioxin). 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  18-38.  (Continued) 

Analysis  of  Serum  Insulin  (mlU/ml)  (Diabetics) 
(Continuous) 


€)  MODEL  3;  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 

lMfr«*ence  of  Adj. 

Adj.  Mean  vs*  Ccmiparisons 


Dioxin  Category 

n 

Mean* 

(95%  C.!.)** 

p-Value* 

Comparison 

148 

58.89 

52.80 

Background  RH 

42 

65.82 

61.89 

9.08  - 

0.317 

Low  RH 

49 

73.35 

68.73 

15.93  - 

0.073 

High  RH 

47 

41.99 

50.42 

-2.38  - 

0.759 

Low  plus  High  RH 

96 

55.82 

59.05 

6.25  - 

0.340 

f)  model  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXDJ  CATEGORY  —  ADJUSTED 

Difference  of  Adj. 

Adj. 

Mean  vs.  Comparisons 

Dioxin  Gat^ory 

■ .  ^  'h  '  ^ 

Meari^ 

(95% 0.1.)“ 

p-Value^ 

Covariate  Remarks 

Comparison 

147 

40.11 

RACE  (p<  0.001) 

BEAT  (p =0.007) 

Backgroimd  RH 

39 

42.66 

2.55  - 

0.691 

DIABSEV  (p =0.003) 
FAST  (p<  0.001) 

Low  RH 

48 

54.49 

14.39  - 

0.027 

PERS*FAMDIAB  (p =0.028) 

High  RH 

46 

38.42 

-1.69  - 

0.763 

Low  plus  High  RH 

94 

45.60 

5.49  - 

0.245 

^  Transformed  from  natural  logarithm  scale. 

^  Adjusted  for  fasting  stams. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  fasting  status. 

^  Difference  of  adjusted  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of 
adjusted  means  not  presented  because  analysis  was  performed  on  natural  logarithm  scale. 

^  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Backgroimd  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  18-38.  (Continued) 

Analysis  of  Serum  Insulin  (mlU/ml)  (Diabetics) 
(Continuous) 


g)  MOE®LS  4/5,  HANDS  -  CURRENT  DIOXIN  %  IJNAD^ 


Current  Dioxin  Categoiy 
Mean®'’y(n) 

Analysis  Results  for  Logj 
(Cuirent  Dioxin  +  1) 

Model' 

Low 

Medium 

High 

R* 

Slope 

(Std.  Error)*' 

p-Value 

4 

50.04 

54.73 

47.03 

0.478 

-0.0442 

0.380 

(28) 

(56) 

(54) 

(0.0501) 

5 

58.31 

64.87 

55.18 

0.478 

-0.0325 

0.438 

(26) 

(54) 

(58) 

(0.0418) 

6' 

58.12 

64.81 

55.30 

0.478 

-0.0337 

0.477 

(26) 

(54) 

(58) 

(0.0473) 

h)  MODELS  4,  5.  AND  6:  RANCH  HANDS  —  CURRENT  DIOXIN  —  ADJUSTED 


Model' 

Current  Dioxin  Cat^ry 
Adjusted  Mean®/(n) 

Low  Medium  High 

Analysis  Results  for  Logj 
(Current  Dioxin  +  1) 

Adj.  Slope 

(Std.  Error)^  p-Value  Cdvariate  Remarks 

4 

50.04 

(26) 

54.78 

(55) 

47.08 

(52) 

0.589 

-0.0750 

(0.0539) 

0.166 

RACE  (p  =0.039) 

BEAT  (p  <0.001) 

FAST  (p  <0.001) 
DIABSEV  (p=0.155) 
PERS*FAMDIAB  (p =0.029) 

5 

51.33 

(24) 

56.96 

(53) 

43.91 

(56) 

0.589 

-0.0633 

(0.0449) 

0.161 

RACE  (p =0.038) 

BEAT  (p  <0.001) 

FAST  (p  <0.001) 
DIABSEV  (p =0.149) 
PERS*FAMDIAB  (p =0.038) 

6^ 

48.29 

(24) 

55.77 

(53) 

45.61 

(56) 

0.591 

-0.0449 

(0.0507) 

0.378 

RACE  (p =0.034) 

BFAT  (p  <0.001) 

FAST  (p  <0.001) 
DIABSEV  (p=0. 121) 
PERS*FAMDIAB  (p  =0.027) 

^  Transformed  from  natural  logarithm  scale. 


^  Adjusted  for  fasting  status. 

^  Model  4:  Logj  (lipid-adjusted  current  dioxin  -h  1). 

Model  5:  Log2  (whole-weight  current  dioxin  +  1), 

Model  6:  Log2  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

^  Slope  and  standard  error  based  on  natural  logarithm  of  serum  insulin  versus  log2  (current  dioxin  +  1). 
®  Adjusted  for  log2  total  lipids, 

^  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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Table  18-39. 

Analysis  of  Serum  Insulin  (Diabetics) 
(Discrete) 


a)  MODEL  1;  RANCH  HANDS  VS.  COMPARISONS  —  IJNADJUSTED 

Percent 


Abnormal 

Est.  Relative  Risk 

Occupational  Gategoiy 

Group 

fl 

High 

(95%  C.I.) 

p-Value 

All 

Ranch  Hand 

142 

60.6 

1.21  (0.77,1.90) 

0.472 

Comparison 

177 

55.9 

Officer 

Ranch  Hand 

55 

74.5 

1.79  (0.80,4.01) 

0.222 

Comparison 

58 

62.1 

Enlisted  Flyer 

Ranch  Hand 

25 

52.0 

0.96  (0.34,2.71) 

0.999 

Comparison 

34 

52.9 

Enlisted  Gronndcrew 

Ranch  Hand 

62 

51.6 

0.95  (0.49,1.83) 

0.999 

Comparison 

85 

52.9 

b)  MODEL  1 

:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Occupational  Gategoiy 

Adj.  Relative  Risk 
(95%  C.I.) 

p-Value 

Covariate  Remarks^ 

All 

1.36  (0.79,2.33) 

0.269 

OCC  (p=0.011) 

Officer 

2.00  (0.78,5.15) 

0.148 

DIABSEV  (p  <0.001) 

Enlisted  Flyer 

0.77  (0.22,2.69) 

0.686 

PERS*FAMDIAB  (p =0.039) 
BFAT*FAMDIAB  (p =0.032) 

Enlisted  Groimdcrew 

1.29  (0.59,2.82) 

0.518 

^  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  18-39.  (Continued) 
Analysis  of  Serum  Insulin  (Diabetics) 
(Discrete) 


c)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN  —  UNADJUSTED 


Initial  Dioxin  Category  Summaiy  Statistics 

Analysis  Results  for  Logj  initial  Dioxin)^ 

Initial  Dioxin 

n 

Percent 

Abnormal 

High 

Estimated  Relative  Risk 
(95%  C.I.)’’ 

p-Value 

Low 

31 

61.3 

0.62  (0.44,0.87) 

0.003 

Medium 

31 

77.4 

High 

34 

35.3 

—INITIAL  DI(MN  - 

-ADJUSTED 

n 

Analysis  Results  for  Logj  (Initial  Dioxin)^ 
Adj.  Relative  Risk  (95%  C.L)^  p-Value 

Covariate  Remariis 

96 

0.66(0.43,1.03)**  0.057** 

INIT*AGE  (p =0.041) 
INIT*OCC  (p=0.011) 
INIT*BFAT  (p=0.015) 
RACE  (p =0.130) 
DIABSEV  (p =0.168) 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

**  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  \j0g2  (initial  dioxin)-by-covariate  interactions  (0.01  <p  <0.05);  adjusted  relative  risk,  confidence  interval, 
and  p-value  derived  from  a  model  fitted  after  deletion  of  these  interactions;  refer  to  Appendix  Table  N-2-21 
for  forther  analysis  of  these  interactions. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  18-39.  (Continued) 
Analysis  of  Serum  Insulin  (Diabetics) 
(Discrete) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

-  UNADJUSTED 

Dioxin  Category 

n 

Percent 

^normal  IBgh 

Est.  Relative  Risk 
(95%  0.1.)“* 

p- Value 

Comparison 

148 

58.1 

Background  RH 

42 

64.3 

1.47  (0.70,3.08) 

0.308 

LowRH 

49 

67.3 

1.62  (0.80,3.26) 

0.177 

High  RH 

47 

46.8 

0.61  (0.31,1.20) 

0.150 

Low  plus  High  RH 

96 

57.3 

0.99(0.58,1.69) 

0.968 

i)  MODEL  3:  RANCH  HANDS  AND  COMPAMSONS  BY  DIOXIN  CATEGORY  —  ADJUSTED 


Adj.  Relative  Risk 


Dioxin  Category 

n 

(95%C,I.)®" 

p-Value 

:  Govariate  Ronarks 

Comparison 

148 

DXCAT*AGE  (p=0.013) 

RACE  (p =0.066) 

Background  RH 

42 

1.16  (0.52,2.61)** 

0.719** 

PERS  (p =0.016) 

BEAT  (p =0.001) 

LowRH 

49 

1.96  (0.87,4.40)** 

0.105** 

DIABSEV  (p  <0.001) 

High  RH 

47 

0.76(0.35,1.66)** 

0.491** 

Lx)w  plus  High  RH 

96 

1.21  (0.66,2.21)** 

0.535** 

^  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Categorized  dioxin-by-covariate  interaction  (0.01  <p  <0.05);  adjusted  relative  risk,  confidence  interval,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  N-2-21  for 
further  analysis  of  this  interaction. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  18-39.  (Continued) 
Analysis  of  Serum  Insulin  (Diabetics) 
(Discrete) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  UNADJUSTED 

Current  Dioxin  Category 

Percent  Abnormal  High/(n) 

Analysis  Results  for  Ix^j 
(Curroit  Dioxin  +  1) 

Model® 

Low 

Medium 

High 

Est.  Relative  Risk 

(95%  C.I.)’’  p-Value 

4 

64.3 

(28) 

64.3 

(56) 

51.9 

(54) 

0.73  (0.58,0.93)  0.008 

5 

65.4 

(26) 

66.7 

(54) 

50.0 

(58) 

0.78  (0.63,0.95)  0.011 

6= 

65.4 

(26) 

66.7 

(54) 

50.0 

(58) 

0.78  (0.62,0.98)  0.029 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  — 

CURRENT  DIOXIN  —  ADJUSTED 

Analysis  Results  for  Log2  (Gurrent  Dioxin  +  1) 

Model® 

n 

AdJ.  Relative  Risk 
(95%  C.I.)'’ 

-  p-Value 

Covariate  Remarks 

4 

138 

CURR*BFAT  (p =0.004) 

DIABSEV  (p=0.154) 

5 

138 

CURR*BFAT  (p=0.003) 

DIABSEV  (p=0.167) 

6^ 

138 

CURR*BFAT  (p =0.003) 

DIABSEV  (p =0.155) 

®  Model  4;  Log2  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Logj  (whole-weight  cturent  dioxin  -I-  1). 

Model  6:  Logj  (whole-weight  current  dioxin  -I-  1),  adjusted  for  log2  total  lipids. 

Relative  risk  for  a  twofold  increase  in  current  dioxin. 

'  Adjusted  for  logj  total  lipids. 

**  Adjusted  for  logj  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

****  Log2  (current  dioxin  +  l)-by-covariate  interaction  (p<0.01);  adjusted  relative  risk,  confidence  interval, 
and  p-value  not  presented;  refer  to  Appendix  Table  N-2-21  for  further  analysis  of  this  interaction. 

Note:  Model  4:  Low  =  <8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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interactions  between  initial  dioxin  and  age,  occupation,  and  body  fat  (Table  18-39(d): 
p=0.041,  0.011,  and  0.015).  These  interactions  were  further  analyzed  and  subsequent  results 
are  shown  in  Appendix  Table  N-2-21.  A  marginally  significant  negative  association  remained 
after  the  interactions  were  removed  fi'om  the  final  model  (p=0.057,  Adj.  RR=0.66).  Race  and 
diabetic  severity  also  were  retained  in  the  adjusted  analysis. 

No  significant  results  were  revealed  in  the  unadjusted  Model  3  analysis  of  serum  insulin 
in  diabetics  (Table  18-39(e):  p>0.15  for  all  contrasts).  The  interaction  of  categorized  dioxin 
and  age  was  significant  in  the  adjusted  analysis  (Table  18-39(f):  p=0.013).  Supplemental 
analysis  on  the  interaction  was  performed  and  findings  are  shown  in  Appendix  Table  N-2-21. 
Contrasts  investigating  differences  between  the  four  Ranch  Hand  categories  and  the 
Comparison  group  were  nonsignificant  after  removing  the  interaction  from  the  final  model 
(p>0.10  for  all  analyses).  Additional  covariates  significant  in  the  adjusted  analysis  included 
race,  personality  type,  body  fat,  and  diabetic  severity. 

Each  of  the  Model  4  through  6  unadjusted  analyses  of  abnormally  high  serum  insulin  in 
diabetics  revealed  a  significant  negative  association  with  current  dioxin  (Table  18-3  9(g): 
p=0.008,  Est.  RR=0.73  for  Model  4;  p=0.011,  Est.  RR=0.78  for  Model  5;  and  p=0.029,  Est. 
RR=0.78  for  Model  6).  The  percentages  of  diabetics  with  abnormally  high  serum  insulin 
levels  in  the  low,  medium,  and  high  current  dioxin  categories  were  64.3  percent,  64.3  percent, 
and  51.9  percent  for  Model  4.  For  Models  5  and  6,  these  percentages  were  65.4  percent,  66.7 
percent,  and  50.0  percent  respectively.  In  each  of  the  adjusted  Model  4,  5,  and  6  analyses,  a 
highly  significant  interaction  between  current  dioxin  and  body  fat  was  revealed  (Table 
18-39(h):  p=0.004,  p=0.003,  p=0.003  respectively).  In  each  model,  a  negative  association 
was  significant  for  obese  diabetics  and  was  nonsignificant  for  lean  or  normal  diabetics.  Refer 
to  Appendix  Table  N-2-21  for  further  analyses  of  these  interactions. 

Serum  Insulin  (Nondiabetics — Continuous) 

In  the  Model  1  imadjusted  analysis  of  serum  insulin  in  nondiabetics,  no  significant 
differences  between  Ranch  Hands  and  Comparisons  were  revealed  (Table  18-40(a):  p>0.22 
for  all  contrasts).  In  the  adjusted  analysis,  the  interaction  of  group  and  body  fat  was 
significant  (Table  18-40(b):  p=0.017).  Stratified  results  from  further  investigation  of  this 
interaction  are  shown  in  Appendix  Table  N-2-22.  After  removing  the  interaction  from  the 
final  model,  overall  and  occupationally  stratified  differences  between  Ranch  Hands  and 
Comparisons  were  nonsignificant  (p>0.11  for  all  contrasts).  Age  and  the  race-by-occupation, 
race-by-personality  t5q)e,  and  personality  t5q>e-by-family  history  of  diabetes  interactions  were 
significant  in  the  adjusted  analysis. 

The  unadjusted  Model  2  analysis  detected  a  significant  association  between  serum  insulin 
in  nondiabetics  and  initial  dioxin  (Table  18-40(c):  p=0.048,  Slope=0.0639).  Serum  insulin 
means,  adjusted  for  percent  body  fat  at  time  of  duty  in  SEA  and  change  in  percent  body  fat 
from  time  of  duty  in  SEA  to  date  of  the  blood  draw  for  dioxin,  were  72.04  mlU/ml,  75.45 
mlU/ml,  and  82.16  mlU/ml  for  the  low,  medium,  and  high  dioxin  categories.  The  association 
remained  significant  after  adjusting  for  interactions  between  age  and  body  fat  and  between 
body  fat  and  occupation  (Table  18-40(d):  p=0.035,  Slope=0.0729).  For  the  low,  medivim, 
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Table  18-40. 

Analysis  of  Serum  Insulin  (mlU/ml)  (Nondiabetics) 
(Continuous) 


a)  MODEL  !:  RANCH  HANDS  VS.  COMPARISONS 

-UNADJUSTED 

Occupational 

Category 

Group 

Difference  of  Means 
Mean*  (!)5%  C.L)V 

p-Value" 

All 

Ranch  Hand 

808 

73.88 

•0.29  - 

0.923 

Comparison 

1,098 

74.17 

Officer 

Ranch  Hand 

310 

69.90 

3.83  - 

0.314 

Comparison 

444 

66.07 

Enlisted  Flyer 

Ranch  Hand 

137 

75.63 

-9.64  - 

0.225 

Comparison 

166 

85.27 

Enlisted  Groundcrew 

Ranch  Hand 

361 

74.29 

-1.70  - 

0.703 

Comparison 

488 

75.99 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 


Occupational 

Category 

Group 

n 

Adj. 

Mean“ 

Difference  of  Adj. 

Means  (95%  C.I.)'  p-Value** 

Covariate  Remarks*^ 

All 

Officer 

Ranch  Hand 
Comparison 

Ranch  Hand 
Comparison 

794 

1,081 

306 

441 

58.55** 

58.64** 

64.42** 

61.81** 

-0.08  -  **  0.968** 

2.61  -  **  0.463** 

GROUP*BFAT  (p=0.017) 
AGE  (p <0.001) 

FAST  (p=0.597) 
RACE*OCC  (p=0.024) 
RACE*PERS  (p=0.029) 

Enlisted 

Ranch  Hand 

134 

48.88** 

.7.34..**  0.113** 

PERS*FAMDIAB  (p  =0.037) 

Flyer 

Comparison 

163 

56.22** 

Enlisted 

Ranch  Hand 

354 

60.47** 

0.65  -  **  0.839** 

Groundcrew 

Comparison 

477 

59.82** 

^  Transformed  from  the  natural  logarithm  scale. 


^  Adjusted  for  fasting  status. 

^  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 

^  P-values  based  on  difference  of  means  on  natural  logarithm  scale. 

^  Adjusted  for  fasting  status  and  covariates  specified  under  "Covariate  Remarks"  colunm. 

^  Covariates  and  associated  p-values  correspond  to  fmal  model  based  on  all  participants  with  available  data. 

**  Group-by-covariate  interaction  (0.01  <p<0.05);  adjusted  mean,  difference  of  adjusted  means,  and  p-value 
derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  N-2-22  for  further 
analysis  of  this  interaction. 
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Table  18-40.  (Continued) 

Analysis  of  Serum  Insulin  (mlU/ml)  (Nondiabetics) 
(Continuous) 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Category  Summaty' Statistics 

Analysis  Results  for  Log^  (Initial  Dioxin)'’ 

Initial  Dioxin 

n 

Mean^ 

Adj. 

Mean®** 

R^ 

:  Slope 
(Std.  Eiror)* 

p-Value 

Low 

142 

69.93 

72.04 

0.121 

0.0639  (0.0321) 

0.048 

Medium 

141 

73.83 

75.45 

High 

139 

86.58 

82.16 

d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  —  ADJUSTED 


Initial  Dioxin  Category  Summary 
'^ivStatistics / 

Analysis  Results  for  Log2  {Initial  Dioxin)^ 

Initial  Dioxin  n 

Adj. 

Mean"'' 

Ailj.  Slope 

;  :;:(Stdv:;EiT6i)f r  :rp-^alue ' 

G 

Low  142 

66.29 

0.272 

0.0729  0.035 

(0.0344) 

AGE*BFAT  (p =0.007) 
BFAT*OCC  (p =0.036) 

Medium  141 

72.67 

High  139 

81.29 

^  Transformed  from  natural  logarithm  scale. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Slope  and  standard  error  based  on  natural  logarithm  of  serum  insulin  versus  log2  (initial  dioxin). 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  imder  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  18-40.  (Continued) 

Analysis  of  Serum  Insulin  (mlU/ml)  (Nondiabetics) 
(Continuous) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


Dioxin  Category 

n 

Mean^ 

Mean»^ 

Difference  of  Adj. 

Mean  Ts.  CcHuparisons 
(95%  C.!.)** 

p-Value‘ 

Comparison 

912 

77.13 

67.20 

Background  RH 

332 

66.22 

62.62 

-4.58  - 

0.170 

LowRH 

209 

79.03 

67.08 

-0.12  - 

0.977 

High  RH 

213 

93.63 

74.68 

7.48  - 

0.083 

Low  plus  High  RH 

422 

86.09 

70.81 

3.61  - 

0.266 

D  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  ADJUSTED 


Difference  of  Adj. 


Dioxin  Category 

Adj. 

Mean®^ 

Mean  vs.  Comparisons 
(95%  C.!.)** 

p-Vaiue* 

Covariate  Remarks 

Comparison 

897 

58.41** 

DXCAT*AGE  (p =0.040) 

BEAT  (p <0.001) 

Background  RH 

329 

55.85** 

-2.56  -  ** 

0.365** 

FAST  (p=0.417) 

RACE*OCC  (p=0.012) 

Low  RH 

203 

56.80** 

-1.61  -  ** 

0.631** 

OCC*PERS  (p=0.011) 

HighRH 

208 

64.38** 

5.97  ~  ** 

0.104** 

FAMDIAB*PERS  (p =0.045) 

Low  plus  High  RH 

411 

60.51** 

2.10  -  ** 

0.437** 

®  Transformed  from  natural  logarithm  scale. 

*’  Adjusted  for  fasting  status. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  fasting  status. 

Difference  of  adjusted  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of 
adjusted  means  not  presented  because  analysis  was  performed  on  natural  logarithm  scale. 

®  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Categorized  dioxin-by-covariate  interaction  (0.01  <p<0.05);  adjusted  mean,  difference  of  adjusted  means, 
and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  N-2-22  for 
further  analysis  of  this  interaction. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  ^143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  18-40.  (Continued) 

Analysis  of  Serum  Insulin  (mlU/ml)  (Nondiabetics) 
(Continuous) 


g)  MODELS  4,  5,  AISID  6:  RANCH^H^  -  CURRENT  DIOXIN  -  tWjaXIUSIED 


ModeT 

Low 

Current  Dioxin  Category 
Mean*/(n) 

Medium 

High 

R* 

Analysis  Results  for  IjOg2 
(Currait  Dioxin  +  1) 

Slope 

(Std.  Error)**  p-Value 

4 

36.01 

44.15 

52.82 

0.044 

0.1259 

<0.001 

(267) 

(243) 

(244) 

(0.0218) 

5 

35.80 

44.22 

54.68 

0.059 

0.1263 

<0.001 

(274) 

(242) 

(238) 

(0.0187) 

6" 

38.12 

44.23 

51.13 

0.089 

0.0960 

<0.001 

(273) 

(242) 

(238) 

(0.0196) 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  —  CURRENT  DIOXm  --  ADJUSTED 


Model' 

Current  Dioxin  Category  ^ 
Adjusted  Mean^/(n) 

Low  Medium  High 

Analysis  Results  for  Log2 
(Current  Dioxin  +1) 

(Std.  Error)**  p-Vaiiie  Cptariate  Remarks 

4 

34.54 

(267) 

34.47 

(242) 

41.15 

(244) 

0.273 

0.0529 

(0.0235) 

0.025 

AGE  (p< 0.001) 

BEAT  (p< 0.001) 

FAST  (p=0. 127) 
OCC*PERS  (p=0.025) 

5 

34.41 

(274) 

35.24 

(241) 

42.33 

(238) 

0.278 

0.0646 

(0.0200) 

0.001 

AGE  (p <0.001) 

BFAT  (p< 0.001) 

FAST  (p=0. 141) 
OCC*PERS  (p =0.030) 

6f 

36.51 

(273) 

35.47 

(241) 

39.63 

(238) 

0.303 

0.0351 

(0.0208) 

0.092 

AGE  (p< 0.001) 

BFAT  (p<0.001) 

FAST  (p =0.138) 
OCC*PERS  (p=0.036) 

^  Transforaied  from  natural  logarithm  scale. 
^  Adjusted  for  fasting  status. 


^  Model  4:  Log2  (lipid-adjusted  currenjt  dioxin  +1). 

Model  5:  Log2  (whole-weight  current  dioxin  +  1). 

Model  6:  Log2  (whole-weight  current  dioxin  +1),  adjusted  for  log2  total  lipids. 

^  Slope  and  standard  error  based  on  natural  logarithm  of  serum  insulin  versus  log2  (current  dioxin  +  1). 
®  Adjusted  for  log2  total  lipids. 

^  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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and  high  dioxin  categories,  respective  adjusted  means  were  66.29  mlU/ml,  72.67  mlU/ml,  and 
81.29  mlU/ml. 

A  marginally  significant  difference  between  high  Ranch  Hands  and  Comparisons  was 
evident  from  the  Model  3  unadjusted  analysis  of  serum  insulin  in  nondiabetics 
(Table  18-4G(e);  p=0.083,  Diff.  of  Adj.  Means=7.48).  For  high  Ranch  Hands,  mean  serum 
insulin  was  74.68  mlU/ml  compared  to  67.20  mlU/ml  for  Comparisons.  A  significant 
interaction  between  categorized  dioxin  and  age  was  revealed  in  the  adjusted  Model  3  analysis 
(Table  18-40(f):  p=0.040).  Appendix  Table  N-2-22  displays  results  from  further  analysis  of 
the  interaction.  After  removing  the  interaction  from  the  final  model,  no  significant 
differences  between  Ranch  Hands  and  Comparisons  were  seen  (Table  18-40(f):  p>0.10  for  all 
contrasts).  Removal  of  occupation  and  body  fat  from  the  final  model  led  to  a  significant 
difference  between  older  high  Ranch  Hands  and  older  Comparisons  (Appendix  Table  N-4-8; 
p=0.048,  Diff.  of  Adj.  Means=15.07)  that  was  not  significant  with  occupation  and  body  fat  in 
the  final  model.  The  race-by-occupation,  occupation-by-personality  type,  and  family  history 
of  diabetes-by-personality  type  interactions  were  significant  in  the  adjusted  analysis. 

Highly  significant  associations  between  serum  insulin  and  current  dioxin  were  seen  in 
each  of  the  Model  4  through  6  unadjusted  analyses  (Table  18-40(g):  p<0.001,  Slope=0.1259 
for  Model  4;  p<0.001,  Slope=0.1263  for  Model  5;  and  p<0.001,  Slope=0.0960  for  Model  6). 
Mean  serum  insulin  levels  increased  with  current  dioxin  in  each  analysis.  After  adjusting  for 
age,  body  fat,  fasting  status,  and  the  occupation-by-personality  type  interaction,  significant 
dioxin  effects  remained  for  Models  4  and  5  and  a  marginally  significant  dioxin  effect 
remained  for  Model  6  (Table  18-40(h):  p=0.025,  Slope=0.0529  for  Model  4;  p=0.001, 
Slope=0.0646  for  Model  5;  and  p=0.092,  Slope=0.0351  for  Model  6).  For  Model  4,  adjusted 
means  were  34.54  mlU/ml,  34.47  mlU/ml,  41.15  mlU/ml  for  the  low,  medium,  and  high 
dioxin  categories.  For  Model  5,  the  adjusted  means  were  34.41  mlU/ml,  35.24  mlU/ml,  and 
42.33  mlU/ml,  and  for  Model  6,  the  adjusted  means  were  36.51  mlU/ml,  35.47  mlU/ml,  and 
39.63  mlU/ml. 

Serum  Insulin  (Nondiabetics — ^Discrete) 

The  percentages  of  nondiabetic  Ranch  Hands  with  either  abnormally  high  or  abnormally 
low  levels  of  serum  insulin  did  not  differ  significantly  from  the  corresponding  percentage  of 
nondiabetic  Comparisons  in  the  Model  1  unadjusted  analysis  (Table  18-41(a):  p>0.15  for  all 
contrasts).  In  the  adjusted  analyses,  significant  interactions  between  group  and  age  and 
between  group  and  body  fat  were  disclosed  (Table  18-4 1(b):  p=0.007  and  p=0.044 
respectively).  See  Appendix  Table  N-2-23  for  additional  information  on  these  interactions. 
Ranch  Hands  and  Comparisons  did  not  differ  significantly  after  the  interactions  were  removed 
from  the  final  model  (p>0. 1 1  for  all  contrasts).  Occupation,  family  history  of  diabetes,  and 
the  race-by-personality  type  and  body  fat-by-personality  type  interactions  also  were  significant 
in  the  adjusted  analysis. 

In  the  Model  2  unadjusted  analysis  of  serum  insulin  restricted  to  nondiabetics,  no 
significant  association  with  initial  dioxin  was  revealed  (Table  18-4 1(c):  p>0.21).  The 
interaction  of  initial  dioxin  and  occupation  was  significant  in  the  adjusted  analysis 
(Table  18-4 1(d):  p=0.028).  After  this  interaction  was  deleted  from  the  final  model,  a 


18-214 


Table  18-41. 

Analysis  of  Serum  Insulin  (Nondiabetics) 
(Discrete) 
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Group-by-covariate  interaction  (p<0.05);  adjusted  relative  risk,  confidence  interval,  and  p-value  derived  from  a  model  fitted  after  deletion  of  this 
interaction;  refer  to  Appendix  Table  N-2-23  for  further  analysis  of  this  interaction. 


Table  18-41.  (Continued) 
Analysis  of  Serum  Insulin  (Nondiabetics) 
(Discrete) 


Table  18-41.  (Continued) 
Analysis  of  Serum  Insulin  (Nondiabetics) 
(Discrete) 
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Table  18-41.  (Continued) 
Analysis  of  Serum  Insulin  (Nondiabetics) 
(Discrete) 
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Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 


Table  18-41.  (Continued) 
Analysis  of  Serum  Insulin  (Nondiabetics) 
(Discrete) 
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significant  positive  relationship  betAveen  abnormally  high  serum  insulin  and  initial  dioxin  was 
revealed  (p=0.047,  Adj.  RR=1.20).  The  stratified  results  from  analysis  on  the  initial  dioxin- 
by-occupation  interaction  are  shown  in  Appendix  Table  N-2-23.  The  covariates  age  and  body 
fat  also  were  significant. 

The  Model  3  unadjusted  analysis  restricted  to  nondiabetics  revealed  a  significant  negative 
difference  between  background  Ranch  Hands  and  Comparisons  with  abnormally  high  levels  of 
serum  insulin  (Table  18-4 1(e):  p=0.040,  Est.  RR=0.75).  Of  the  background  Ranch  Hands, 
48.2  percent  had  abnormally  high  serum  insulin  levels  compared  to  58.2  percent  for 
Comparisons.  The  adjusted  analysis  revealed  a  highly  significant  interaction  between 
categorized  dioxin  and  occupation  (Table  18-41(f):  p=0.003).  Stratified  results  of  this 
interaction  are  found  in  Appendix  Table  N-2-23.  Significant  differences  between  backgroimd, 
low,  and  high  Ranch  Hands  and  Comparisons  were  found  for  enlisted  flyers  but  not  for 
officers  and  enlisted  groundcrew.  Age,  personality  type,  body  fat,  and  family  history  of 
diabetes  also  were  retained  in  the  adjusted  analysis. 

In  each  of  the  Model  4  through  6  analyses,  a  highly  significant  positive  association 
between  current  dioxin  and  serum  insulin  was  revealed  for  nondiabetics  with  abnormally  high 
serum  insulin  levels  (Table  18-41(g):  p<0.001,  Est.  RR=1.24  for  Model  4;  p<0.001,  Est. 
RR=1.26  for  Model  5;  and  p<0.001,  Est.  RR=1.22  for  Model  6).  In  addition,  in  Model  6,  a 
marginally  significant  negative  association  with  current  dioxin  was  fovmd  for  nondiabetic 
participants  with  abnormally  low  serum  insulin  levels  (p=0.089,  Est.  RR=0.83).  The  adjusted 
analysis  for  Model  4  revealed  a  significant  dioxin  effect  for  participants  with  abnormally  high 
levels  of  serum  insulin  (Table  18-41(h):  p=0.005,  Adj.  RR=1.19).  This  result  also  was  seen 
in  the  Model  5  adjusted  analysis  (p<0.001,  Adj.  RR=1.22).  Age  and  the  personality  type-by- 
body  fat  interaction  were  retained  in  Models  4  and  5.  After  removing  body  fat  from  each  of 
the  final  models,  marginally  significant  negative  associations  between  current  dioxin  and 
serum  insulin  were  seen  for  nondiabetics  with  abnormally  low  serum  insulin  levels  (Appendix 
Table  N-3-27:  p=0.093,  Adj.  RR=0.80  for  Model  4  and  p=0.069,  Adj.  RR=0.83  for  Model 
5).  In  the  Model  6  adjusted  analysis,  the  interaction  of  current  dioxin  and  age  was  highly 
significant  (p<0.001).  Results  from  additional  analyses  on  the  interaction  term  are  shown  in 
Appendix  Table  N-2-23.  Also  retained  in  the  adjusted  analysis  was  the  personality  type-by- 
body  fat  interaction.  Without  body  fat  and  the  current  dioxin-by-age  interaction  in  Model  6, 
the  association  between  serum  insulin  and  current  dioxin  was  significantly  negative  for 
abnormally  low  serum  insulin  (Appendix  Table  N-3-27:  p=0.047,  Adj.  RR=0.81)  and  was 
significantly  positive  for  abnormally  high  serum  insulin  (p<0.001,  Adj.  RR=1.30). 

Serum  Glucagon  (All  Participants — Continuous) 

In  the  Model  1  xmadjusted  analysis,  no  significant  overall  difference  in  mean  serum 
glucagon  levels  was  evident  for  Ranch  Hands  versus  Comparisons  (Table  18-42(a):  p=0.316). 
However,  stratified  analyses  by  occupation  revealed  a  significant  negative  difference  between 
Ranch  Hands  and  Comparisons  in  the  enlisted  flyer  category  (p=0.031,  Diff.  of  Adj.  Means= 
-3.71).  After  adjusting  for  age,  race,  occupation,  body  fat,  and  fasting  status,  similar  results 
were  revealed.  Significant  differences  between  Ranch  Hands  and  Comparisons  were  evident 
only  when  examined  within  the  enlisted  flyer  category  (Table  18-42(b):  p=0.028,  Diff.  of 


18-220 


Table  18-42. 

Analysis  of  Serum  Glucagon  (pg/ml)  (All  Participants) 
(Continuous) 


a)  MODEL  1:  RANCH  HANDS  vs.  COMPARISONS —  UNADJUSTED 

Occupational 

Category 

Group 

n 

Mean* 

Difference  of  Means 

p-Value^ 

All 

Ranch  Hand 

827 

61.81 

-0.73  ~ 

0.316 

Comparison 

1,104 

62.54 

Officer 

Ranch  Hand 

315 

61.60 

-0.51  - 

0.660 

Comparison 

430 

62.11 

Enlisted  Flyer 

Ranch  Hand 

145 

59.33 

-3.71  - 

0.031 

Comparison 

186 

63.03 

Enlisted  Groundcrew 

Ranch  Hand 

367 

62.95 

0.28  - 

0.802 

Comparison 

488 

62.68 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 

-ADJUSTED 

Occupational 

Category 

Group 

n 

Adj. 

Mean^ 

Difference  of  Adj. 
Means  (95%  C.I.)' 

p-Value^ 

Covariate  Remarks^ 

All 

Ranch  Hand 

827 

59.82 

-0.69  ~ 

0.326 

AGE  (p <0.001) 

Comparison 

1,104 

60.50 

RACE  (p =0.086) 

Officer 

Ranch  Hand 

315 

59.08 

-0.53  - 

0.632 

OCC  (p =0.007) 

Comparison 

430 

59.61 

BFAT  (p=0.002) 
FAST  (p  <0.001) 

Enlisted 

Ranch  Hand 

145 

57.37 

-3.62- 

0.028 

Flyer 

Comparison 

186 

60.99 

Enlisted 

Ranch  Hand 

367 

62.02 

0.735 

Groundcrew 

Comparison 

488 

61.66 

0.36  - 

^  Transformed  from  the  natural  logarithmic  scale. 

^  Adjusted  for  fasting  status. 

^  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithmic  scale. 

^  P“Values  based  on  difference  of  means  on  natural  logarithmic  scale. 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  18-42.  (Continued) 

Analysis  of  Serum  Glucagon  (pg/ml)  (All  Participants) 

(Continuous) 


c)  MODEL  2;  M  HANDS  —  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Category  Sununary  Statistics 

Analysis  Results  for  L<og2  (Initial  Dioxin)'’ 

Initial  Dioxin 

n 

Mean®'’ 

Adj. 

Mean®^ 

R^ 

Slope 

(Std.  Error)^ 

p-Value 

Low 

150 

59.30 

59.10 

0.047 

0.0079  (0.0092) 

0.392 

Medium 

149 

62.87 

62.72 

High 

153 

61.82 

61.62 

d)  MODEL  2:  RANCH  HANDS  ---  iNmAL  DIOXIN 


Initial  Dioxin  Category  Sununary 
Statistics 

Adj. 


Initial  Dioxin 

n 

Mean®® 

Low 

150 

58.21** 

Medium 

149 

61.11** 

High 

153 

59.42** 

Analysis  Results  for  Logj  (Initial  Koxin)** 


r2 


Adj.  Slope 
(Std.  Error)^ 


p-Value  Ronarks 


0.084**  0.0003  (0.0105)**  0.974** 


INIT*OCC  (p=0.020) 
FAST  (p  <0.001) 
BFAT*RACE  (p=0.029) 


^  Transformed  from  natural  logarithm  scale. 

Adjusted  for  fasting  status. 

'  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  fasting  status. 

Slope  and  standard  error  based  on  natural  logarithm  of  serum  glucagon  versus  logj  (initial  dioxin). 

'  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (initial  dioxin)-by-covariate  interaction  (0.01  <p  <0.05);  adjusted  mean,  adjusted  slope,  standard  error, 
and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  N-2-24  for 
further  analysis  of  this  interaction. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  18-42.  (Continued) 

Analysis  of  Serum  Glucagon  (pg/ml)  (All  Participants) 

(Continuous) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  UNADJUSTED 


IMoxin  Cat^oiy 

n 

Mean* 

Adj. 

Mean“ 

DiHerence  of  Adj. 

Mean  ts.  Cmnparisons 
(95%  C.L)'* 

p-Value* 

Comparison 

957 

63.07 

62.70 

Background  RH 

336 

61.37 

61.40 

-1.30- 

0.197 

LowRH 

228 

61.99 

61.47 

-1.24  - 

0.289 

HighRH 

224 

63.24 

62.60 

-0.10- 

0.931 

Low  plus  High  RH 

452 

62.61 

62.03 

-0.67  - 

0.457 

f)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

Difference  of  Adj. 

Adj. 

Mean  vs.  Comparisons 

Diojon  Categot^^ 

n 

Mean®^ 

(95%C.I.)f 

p-Y^ue® 

Covariate  Remarks 

Comparison 

944 

60.81** 

DXCAT*FAMDIAB  (p =0.009) 

AGE  (p <0.001) 

Background  RH 

330 

59.66** 

-1.16  -  ** 

0.251** 

RACE  (p=0. 124) 

LowRH 

223 

59.72** 

-1.10  -  ** 

0.337** 

OCC  (p =0.067) 

FAST  (p <0.001) 

High  RH 

218 

61.03** 

0.21  -  ** 

0.858** 

Low  plus  High  RH 

441 

60.36** 

-0.45  ** 

0.616** 

^  Transformed  from  natural  logarithm  scale. 

^  Adjusted  for  fasting  status, 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Difference  of  adjusted  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of 
adjusted  means  not  presented  because  analysis  was  performed  on  natural  logarithm  scale. 

®  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Categorized  dioxin-by -covariate  interaction  (p<0.05);  adjusted  mean,  difference  of  adjusted  means,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  N-2-24  for 
further  analysis  of  this  interaction. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  18-42.  (Continued) 

Analysis  of  Serum  Glucagon  (pg/ml)  (All  Participants) 

(Continuous) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  —  CURRENT  DIOXIN  -  UNADJUSTED 


ModeP 

Current  Dioxin  Cat^ory 

Mean**/(n) 

Low  Medium  High 

Analysis  Results  for  Log2 
(Current  Dioxin  +  1) 

Slope 

(Std.  Error)^  p-Value 

4 

60.04 

60.54 

63.00 

0.051 

0.0111 

0.073 

(263) 

(266) 

(259) 

(0.0062) 

5 

59.81 

61.09 

62.58 

0.054 

0.0120 

0.023 

(267) 

(263) 

(258) 

(0.0053) 

6= 

60.13 

60.99 

62.00 

0.057 

0.0084 

0.140 

(266) 

(263) 

(258) 

(0.0057) 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  ADJUSTED 


Current  Dioxin  Category 
Adjusted  Mean V(n) 

;  Analysis  Results  for  Log^ 

(Current  Dioxin  +  1) 

Model* 

Low 

Medium 

High 

R* 

Auj.  Slope 

T^td.:EhTOt0 

p-Value 

Covariate  Remarks 

4 

(258) 

(262) 

♦  + 

(251) 

0.085 

sis*** 

S}!j}CSjC5}C 

CURR*FAMDIAB 
(p =0.005) 

AGE  (p =0.001) 

RACE  (p =0.051) 

OCC  (p  =0.018) 

FAST  (p  <0.001) 

5 

56.69 

(267) 

57.86 

(263) 

59.36 

(258) 

0.078 

0.0019 

(0.0059) 

0.044 

AGE  (p  <0.001) 

RACE  (p =0.053) 

OCC  (p =0.01 2) 

FAST  (p  <0.001) 

6f 

57.14 

(266) 

57.94 

(263) 

58.98 

(258) 

0.080 

0.0084 

(0.0064) 

0.187 

AGE  (p  =0.001) 

RACE  (p  =0.069) 

OCC  (p  =0.011) 

FAST  (p  <0.001) 

“  Transformed  from  natural  logarithm  scale. 


**  Adjusted  for  fasting  status. 

Model  4:  Logj  (lipid-adjusted  current  dioxin  -f  1). 

Model  5:  Log2  (whole-weight  current  dioxin  +  1). 

Model  6:  Log2  (whole-weight  current  dioxin  -1-  1),  adjusted  for  log2  total  lipids. 

Slope  and  standard  error  based  on  natural  logarithm  of  serum  glucagon  versus  log2  (current  dioxin  -I-  1). 

®  Adjusted  for  log2  total  lipids. 

Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

****  Logj  (current  dioxin  -I-  l)-by-covariate  interaction  (p<0.01);  adjusted  mean,  adjusted  slope,  standard 
error  and  p-value  not  presented;  refer  to  Appendix  Table  N-2-24  for  further  analysis  of  this  interaction. 

Note:  Model  4:  Low  =  <8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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Adj.  Means=-3.62),  where  adjusted  mean  serum  glucagon  levels  were  again  higher  for 
Comparisons  (60.99  pg/ml)  than  for  Ranch  Hands  (57.37  pg/ml). 

Neither  the  Model  2  nor  Model  3  unadjusted  analysis  of  serum  glucagon  disclosed  any 
significant  results  (Table  18-42(c,e):  p>0.19  for  all  analyses).  The  Model  2  adjusted  analysis 
revealed  a' significant  interaction  between  initial  dioxin  and  occupation  (Table  18-42(d): 
p=0.020).  Appendix  Table  N-2-24  displays  results  from  further  analysis  on  this  interaction. 
The  association  between  serum  glucagon  and  initial  dioxin  was  nonsignificant  after  the 
interaction  was  removed  from  the  final  model  (p=0.974).  Fasting  status  and  the  body  fat-by¬ 
race  interaction  also  were  significant  in  the  adjusted  analysis.  In  the  Model  3  adjusted 
analysis,  a  significant  interaction  between  categorized  dioxin  and  family  history  of  diabetes 
was  revealed  (Table  18-42(f):  p=0.009).  Refer  to  Appendix  Table  N-2-24  for  further 
analysis  of  this  interaction.  Subsequent  analysis  with  the  interaction  removed  revealed 
nonsignificant  differences  between  the  four  Ranch  Hand  categories  and  Comparisons. 
Additional  covariates  retained  in  the  Model  3  adjusted  analysis  included  age,  race,  occupation, 
and  fasting  status. 

Marginally  significant  and  significant  positive  associations  between  current  dioxin  and 
serum  glucagon  were  evident  from  the  Model  4  and  Model  5  unadjusted  analyses  (Table 
18-42(g):  p=0.073,  Slope=0.0111  for  Model  4  and  p=0.023,  Slope=0.0120  for  Model  5).  In 
each  analysis,  mean  serum  glucagon  levels  increased  with  increasing  dioxin  levels.  The 
Model  6  unadjusted  analysis  had  nonsignificant  results  (p=0.140).  A  highly  significant 
interaction  between  current  dioxin  and  family  history  of  diabetes  was  disclosed  in  the  Model  4 
adjusted  analysis  (Table  18-42(h):  p=0.005).  Results  from  further  analysis  of  this  interaction 
are  presented  in  Appendix  Table  N-2-24.  Because  of  its  high  significance  level  (p<0.01), 
analysis  with  the  interaction  deleted  from  the  final  model  was  not  performed.  In  the  Model  5 
adjusted  analysis,  current  dioxin  was  significantly  associated  with  serum  glucagon  (p=0.044, 
Slope=0.0019)  with  adjusted  means  again  increasing  with  the  low,  medium,  and  high  levels  of 
current  dioxin.  Further  adjustment  for  total  lipids  in  the  Model  6  adjusted  analysis  revealed 
nonsignificant  results  (p=0.187).  However,  removal  of  occupation  from  the  final  model  led  to 
a  significant  dioxin  effect  (Appendix  Table  N-3-28:  p=0.040,  Slope=0.01 19).  In  each  of  the 
Model  4  through  6  adjusted  analyses,  age,  race,  and  occupation  were  significant  co variates. 

Serum  Glucagon  (All  Participants — ^Discrete) 

Results  from  both  the  Model  1  xmadjusted  and  adjusted  analyses  of  serum  glucagon  were 
nonsignificant  (Table  18-43(a,b):  p>0.16  for  all  contrasts).  The  adjusted  analysis  retained 
age,  occupation,  and  body  fat. 

The  association  between  dioxin  and  serum  glucagon  was  not  significant  in  the  Model  2 
and  Model  3  xmadjusted  analyses  (Table  18-43(c,e):  p>0.16).  Adjusting  for  age  and  race  did 
not  lead  to  significant  results  in  the  Model  2  adjusted  analysis  (Table  18-43(d):  p=0.930). 
Adjusted  analyses  of  Model  3  were  precluded  by  the  sparse  number  of  participants  with 
abnormally  high  serum  glucagon  levels. 
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Table  18-43. 

Analysis  of  Serum  Glucagon  (All  Participants) 
(Discrete) 


a)  MODEL  1:  RANCH  HANDS  VS. 

COMPARISONS 

-UNADJUSTED 

Occupational  Category 

Group 

n 

Percait 

Abnormal 

High 

Est.  Relative  Risk 
(95%  C.L) 

p^Value 

All 

Ranch  Hand 

827 

0.4 

4.02  (0.42,38.68) 

0.426 

Comparison 

1,104 

0.1 

Officer 

Ranch  Hand 

315 

0.0 

- 

Comparison 

430 

0.0 

Enlisted  Flyer 

Ranch  Hand 

145 

0.0 

- 

Comparison 

186 

0.0 

Enlisted  Groundcrew 

Ranch  Hand 

367 

0.8 

4.01  (0.42,38.75) 

0.428 

Comparison 

488 

0.2 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 


UJ  XU Jk. 

Occupational  Category 

Adj.  Relative  Risk 
(95%  C.I.) 

p-Value 

Covariate  Remarks^ 

All 

4.63  (0.45,47.67) 

0.161 

AGE  (p =0.003) 

OCC  (p  =0.007) 

Officer 

BEAT  (p  =0.006) 

Enlisted  Flyer 

- 

— 

Enlisted  Groundcrew 

4.63  (0.45,47.50) 

0.161 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 


Adjusted  relative  risk,  confidence  interval,  and  p-value  not  presented  due  to  the  sparse  number  of 
abnormalities. 
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Table  18-43.  (Continued) 

Analysis  of  Serum  Glucagon  (AU  Participants) 
(Discrete) 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  DNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)^ 

Initial  Dioxin 

n 

Percent 

Abnormal 

High 

Estimated  Relative  Risk 
{95%C.L)’> 

p-Value 

Low 

150 

0.0 

0.71  (0.22,2.32) 

0.546 

Medium 

149 

1.3 

High 

153 

0.0 

d)  MODEL  2:  RANCH  HANDS  -  DSHTIAL  DIOXIN  — 

ADJUSTED 

Analysis  Results  for  Logj  Cfcitial  Dioxin)^ 

n 

Adj.  Relative  Risk  (95%  C. I.)**  p-Value 

Covariate  Remarits 

452 

0.93  (0.16,5.22)  0.930 

AGE  (p=0.019) 

RACE  (p=0.040) 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  18-43.  (Continued) 

Analysis  of  Serum  Glucagon  (All  Participants) 
(Discrete) 


€)  MODEL  3:  RANCH  HANDS  AND  CO^ARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


Dioxin  Category 

n  • 

PercMit 

Abnormal  IRgh 

Esf.  Relative  Risk 

p-Value 

Comparison 

957 

0.1 

Background  RH 

336 

0.3 

4.64  (0.28,77.40) 

0.287 

Low  RH 

228 

0.9 

5.67  (0.49,65.60) 

0.165 

High  RH 

224 

0.0 

- 

- 

Low  plus  High  RH 

452 

0.4 

2.64  (0.23,30.57) 

0.439 

f)  MODEL  3;  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

Adj.  Relative  Risk 

rwnvin  Cat^oiy  n  (95%  C.I.)^  p-Value  Covariate  Remarks 


Comparison 

957 

Background  RH 

336 

- 

LowRH 

228 

- 

- 

High  RH 

224 

- 

Low  plus  High  RH 

452 

-- 

®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

— :  Adjusted  relative  risk,  confidence  interval,  and  p-value  not  presented  due  to  the  sparse  number  of 
abnormalities. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  18-43.  (Continued) 

Analysis  of  Serum  Glucagon  (All  Participants) 
(Discrete) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  UNADJUSTED 


Current  Dioxin  Category 

Percent  Abnormal  High/(n) 

Analysis  Results  for  Log2 
(CuiToit  IHoxin  +  1) 

ModeP 

Low 

Medium 

High 

Est.  Relative  Risk 
(95%  C-D” 

p-Value 

4 

0.4 

(263) 

0.0 

(266) 

0.8 

(259) 

0.98  (0.45,2.14) 

0.964 

5 

0.4 

(267) 

0.4 

(263) 

0.4 

(258) 

0.96(0.49,1.86) 

0.900 

6^ 

0.4 

(266) 

0.4 

(263) 

0.4 

(258) 

1.05  (0.51,2.16) 

0.894 

h)  MODELS  4,  5,  AND  6;  RANCH  HANDS  -  CURRENT  DIOXIN  -  ADJUSTED 


Analysis  Results  for  Log2  (Current  Dioxin  4-1) 

Model® 

Adj.  Relative  Risk 
(9S%C.L)*’ 

p-Value 

■ ; . ;  Covariate  Remarlcs 

4 

788 

0.95  (0.36,2.54) 

0.920 

AGE  (p=0.033) 

BEAT  (p=0.069) 

5 

788 

0.90  (0.37,2.20) 

0.821 

AGE  (p=0.035) 

BEAT  (p=0.065) 

6^ 

787 

1.00  (0.38,2.64) 

0.998 

AGE  (p =0.037) 

BEAT  (p =0.078) 

®  Model  4:  Log2  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Logj  (whole-weight  current  dioxin  -)-  1). 

Model  6:  Logj  (whole-weight  current  dioxin  -I-  1),  adjusted  for  log2  total  lipids. 

**  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

Adjusted  for  logj  total  lipids. 

**  Adjusted  for  logj  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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No  significant  associations  between  current  dioxin  and  serum  glucagon  were  revealed 
from  the  unadjusted  and  adjusted  analyses  for  Models  4,  5,  and  6  (Table  18-43(g,h):  p>0.82 
for  all  analyses).  Age  and  body  fat  were  significant  in  each  of  the  three  adjusted  analyses. 

Serum  Glucagon  (Diabetics — Continuous) 

Differences  between  diabetic  Ranch  Hands  and  Comparisons  were  not  significant  in  the 
Model  1  unadjusted  analysis  of  serum  glucagon  (Table  18-44(a):  p>0.31  for  all  contrasts). 
However,  adjusting  for  covariate  information  led  to  two  significant  group  interactions:  group- 
by-body  fat  and  group-by-diabetic  severity  (Table  18-44(b):  p=0.031  and  p<0.001 
respectively).  These  interactions  were  further  analyzed  and  subsequent  results  are  presented  in 
Appendix  Table  N-2-25.  Significant  group  differences  were  not  evident  from  analyses  with 
the  interactions  removed  from  the  final  model  (Table  18-44(b):  p>0.15  for  all  contrasts). 

The  adjusted  analysis  also  retained  interactions  between  age  and  occupation  and  between  body 
fat  and  occupation. 

Both  the  Model  2  and  Model  3  unadjusted  analyses  restricted  to  diabetics  led  to 
nonsignificant  associations  between  serum  glucagon  and  dioxin  (Table  18-44(c,e):  p>0.44). 
For  Model  2,  adjustment  for  occupation,  body  fat,  and  diabetic  severity  did  not  lead  to  a 
significant  dioxin  effect  (Table  18-44(d):  p=0.237).  Two  significant  dioxin  interactions 
involving  body  fat  and  diabetic  severity  were  found  in  the  Model  3  adjusted  analysis  of  serum 
glucagon  (Table  18-44(f):  p=0.026  and  p<0.001  respectively).  Appendix  Table  N-2-25 
shows  results  from  additional  analyses  on  these  interactions.  Removal  of  the  interactions  from 
the  final  model  did  not  reveal  significant  differences  between  Ranch  Hands  and  Comparisons 
(Table  18-44(f):  p>0.23  for  all  contrasts).  Age  and  the  body  fat-by-occupation  interaction 
were  retained  in  the  Model  3  adjusted  analysis. 

None  of  the  Model  4  through  6  analyses  of  serum  glucagon  restricted  to  diabetics 
disclosed  any  significant  results  (Table  18-44(g,h):  p>0.58  for  all  analyses).  Occupation  and 
diabetic  severity  were  significant  in  each  of  the  three  adjusted  analyses. 

Serum  Glucagon  (Diabetics — ^Discrete) 

Restricted  to  diabetics,  the  results  of  the  Model  1  unadjusted  analysis  of  serum  glucagon 
were  not  significant  (Table  18-45(a):  p>0.40).  An  adjusted  analysis  was  not  performed  due 
to  the  sparse  number  of  abnormalities  (three  Ranch  Hands  and  one  Comparison). 

The  Model  2  unadjusted  and  adjusted  analyses  of  serum  glucagon  did  not  reveal  a 
significant  association  with  initial  dioxin  for  diabetic  participants  (Table  18-45(c,d):  p>0.56). 
Likewise,  the  Model  3  unadjusted  analysis  did  not  show  any  significant  differences  between 
Ranch  Hands  and  Comparisons  (Table  18-45(e):  p>0.14).  Because  of  the  sparse  number  of 
abnormalities  (one  Comparison,  one  background  Ranch  Hand,  and  two  low  Ranch  Hands)  an 
adjusted  Model  3  analysis  was  not  conducted. 

The  results  of  the  Model  4  through  6  analyses  of  serum  glucagon  restricted  to  diabetics 
were  not  significant  (Table  18-45(g,h):  p>0.12  for  all  analyses).  In  the  Model  4  adjusted 
analysis,  occupation  was  significant  while  age,  race,  occupation,  body  fat  and  family  history 
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Table  18-44, 

Analysis  of  Serum  Glucagon  (pg/ml)  (Diabetics) 
(Continuous) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


Occupational 

Category 

Group 

Mean®'’ 

Difference  of  Means 
(95%  €.1.)*= 

p-Value^ 

All 

Ranch  Hand 

125 

66.62 

1.33- 

0.599 

Comparison 

160 

65.30 

Officer 

Ranch  Hand 

50 

66.11 

1.92- 

0.640 

Comparison 

54 

64.19 

Enlisted  Flyer 

Ranch  Hand 

21 

60.11 

-5.72  - 

0.313 

Comparison 

32 

65.83 

Enlisted  Groundcrew 

Ranch  Hand 

54 

69.84 

3.96  - 

0.310 

Comparison 

74 

65.88 

b)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  —  ADJUSTED 

Occupational 

Adj. 

Ififference  of  ASy. 

Category 

Group 

n 

Mean^ 

Means  (95%  C.!.)”  p-Value'* 

Covariate  Remarks^ 

All 

Ranch  Hand 

125 

70.27** 

0.58  -  **  0.824** 

GROUP*BFAT 

Comparison 

160 

69.68** 

(p =0.031) 

Officer 

Ranch  Hand 

50 

70.22** 

1.61  -  **  0.709** 

GROUP*DIABSEV 

(p  <0.001) 

AGE*OCC  (p =0.040) 

Comparison 

54 

68.62** 

Enlisted 

Ranch  Hand 

21 

62.58** 

-8.31-**  0.158** 

BFAT*OCC 

Flyer 

Comparison 

32 

70.89** 

(p =0.032) 

Enlisted 

Ranch  Hand 

54 

75.61** 

3.67  -  **  0.372** 

FAST  (p=0.637) 

Groundcrew 

Comparison 

74 

71.94** 

^  Transformed  from  the  natural  logarithm  scale. 

^  Adjusted  for  fasting  status. 

^  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 

^  P-values  based  on  difference  of  means  on  natural  logarithm  scale. 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 

**  Group-by-covariate  interaction  (p<0.05);  adjusted  mean,  difference  of  adjusted  means,  and  p-value  derived 
from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  N-2-25  for  further  analysis  of 
this  interaction. 


Table  18-44.  (Continued) 

Analysis  of  Serum  Glucagon  (pg/ml)  (Diabetics) 
(Continuous) 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)^ 

Initial  Dioxin 

n 

Mean^ 

Adj. 

Mean®® 

R" 

Slope 

(Std.  Error)** 

p-Value 

Low 

28 

61.71 

61.52 

0.022 

-0.0169  (0.0259) 

0.515 

Medium 

27 

71.76 

71.65 

High 

28 

63.33 

63.62 

d)  MODEL  2:  RANCH  HANDS  --  INmAL  DIOXIN  —  ADJUSTED 


Initial  Dioxin  Category  Summary 


Analysis  Results  for  Logj  (Initial  Dioxin)® 


Stati^ics 

Adj. 

.;^..;:Adji:'Slope  . 

Initial  Dioxin 

n 

Mean®® 

.|(Sfd.:.:;Ein^|::1^^ 

Covaiiate  Remarks 

Low 

28 

62.79 

0.153 

-0.0338  (0.0283)  0.237 

OCC  (p=0.030) 

BEAT  (p =0.139) 

Medium 

27 

71.46 

DIABSEV  (p=0.353) 

High 

28 

59.87 

FAST  (p  =0.473) 

Transformed  from  namral  logarithm  scale. 


**  Adjusted  for  fasting  status. 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin  and  fasting  status. 

**  Slope  and  standard  error  based  on  natural  logarithm  of  serum  glucagon  versus  logj  (initial  dioxin). 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  18-44.  (Continued) 

Analysis  of  Serum  Glucagon  (pg/ml)  (Diabetics) 
(Continuous) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

UNADJUSTED 

Dioxin  Category 

n 

Mean* 

Adj. 

Meaii“ 

Difference  of  Adj.  . 
Mean  vs.  Cmnparisons 
(95%  C.I.)‘‘ 

p-Value' 

Comparison 

132 

66.31 

66.15 

Background  RH 

38 

67.16 

68.71 

2.56- 

0.534 

LowRH 

45 

66.58 

66.28 

0.13  - 

0.972 

HighRH 

38 

63.82 

63.14 

-3.02  - 

0.440 

Low  plus  High  RH 

83 

65.30 

64.82 

-1.33  - 

0.657 

f)  MODEL  3:  RANCH  HANDS  AND  CCMVIPAMSQNS  BY  ip>XIN  ^ 

Difference  of  Adj. 

Adj.  Mean  vs.  Comparisons 


Dioxin  Category 

n 

Mean^ 

(95%  C.!.)** 

p-Value' 

Covariate  Remarks 

Comparison 

132 

68.44** 

DXCAT*BFAT  (p =0.026) 
DXCAT*DIABSEV 

Background  RH 

LowRH 

38 

45 

72.37** 

68.82** 

3.93  —  ** 

0.38  -  ** 

0.363** 

0.920** 

(p  <0.001) 

AGE  (p=0.039) 

FAST  (p=0.461) 

HighRH 

38 

63.62** 

-4.82  -  ** 

0.233** 

BFAT*OCC  (p  =0.025) 

Low  plus  High  RH 

83 

66.39** 

-2.05  -  ** 

0.497** 

®  Transformed  from  natural  logarithm  scale. 

•’  Adjusted  for  fasting  status. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin  and  fasting  status. 

Difference  of  adjusted  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of 
adjusted  means  not  presented  because  analysis  was  performed  on  natural  logarithm  scale. 

®  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Categorized  dioxin-by-covariate  interaction  (p<0.05);  adjusted  mean,  difference  of  adjusted  means,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  N-2-25  for 
further  analysis  of  this  interaction. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Backgroimd  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  18-44.  (Continued) 

Analysis  of  Serum  Glucagon  (pg/ml)  (Diabetics) 
(Continuous) 


5)  MODELS  4,  5, 

AND  6:  RANCH  HANDS -CURRENT  DIOXIN -UNADJUSTED 

Current  Dioxin  Cat^ory 

Analysis  Results  for  Lt^j 

Mean^/(n) 

(Cuirent  Dioxin  +1) 

Slope 

Model'= 

Low 

Medium 

High 

R^ 

(Std.  Error)^  p-Value 

4 

66.39 

63.96 

67.66 

0.015 

-0.0070  0.705 

(27) 

(49) 

(45) 

(0.0184) 

5 

65.94 

65.56 

66.11 

0.014 

0.0009  0.952 

(25) 

(47) 

(49) 

(0.0153) 

6® 

68.10 

66.19 

64.43 

0.029 

-0.0093  0.587 

(25) 

(47) 

(49) 

(0.0171) 

h)  MODELS  4,  5,  AM)  6;  RANCH  HANDS  -^  CnDRR^ 


Model" 

Current  Dioxin  Categoiy 
Adjusted  Mean®/(n) 

Low  Medium  High 

R^ 

Anal 

Adj.  Slope 
(Std.  Error)*^ 

ysis  R^ults 
urrent  DioiX) 

p-Value 

fdr:Log2V:;;.^ 

4 

64.68 

(27) 

64.59 

(49) 

68.26 

(45) 

0.096 

0.0008 

(0.0215) 

0.970 

OCC  (p=0.113) 
DIABSEV(p=0.111) 
FAST  (p =0.693) 

5 

64.23 

(25) 

66.37 

(47) 

66.63 

(49) 

0.099 

0.0095 

(0.0173) 

0.585 

OCC(p=0.121) 
DIABSEV  (p =0.084) 
FAST  (p =0.703) 

6f 

66.17 

(25) 

67.01 

(47) 

64.92 

(49) 

0.106 

-0.0005 

(0.0201) 

0.978 

OCC  (p=0.104) 
DIABSEV  (p =0.142) 
FAST  (p =0.688) 

^  Transformed  from  natural  logarithm  scale. 

**  Adjusted  for  fasting  stams. 

'  Model  4:  Logj  (lipid-adjusted  current  dioxin  -I-  1). 

Model  5:  Logj  (whole-weight  current  dioxin  -t-  1). 

Model  6;  Logj  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

^  Slope  and  standard  error  based  on  natural  logarithm  of  serum  glucagon  versus  log2  (current  dioxin  -I-  1). 
®  Adjusted  for  logj  total  lipids. 

^  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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Table  18-45. 

Analysis  of  Serum  Glucagon  (Diabetics) 
(Discrete) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  UNADJUSTED 

Occupational  Cat^oiy  Group 

Percent  . 

Abnormal  Est.  Relatiye  Risk 

n  ffigh  (95%C.I.) 

p-Value 

All 

Ranch  Hand 

125 

2.4 

3.91  (0.40,38.05) 

0.449 

Comparison 

160 

0.6 

Officer 

Ranch  Hand 

50 

0.0 

— 

Comparison 

54 

0.0 

Enlisted  Flyer 

Ranch  Hand 

21 

0.0 

— 

— 

Comparison 

32 

0.0 

Enlisted  Groundcrew 

Ranch  Hand 

54 

5.6 

4.29  (0.43,42.46) 

0.403 

Comparison 

74 

1.4 

b)  MODEL  1;  RAiraH 

1: 

[S  -^  ADJUSTED 

Adj.  Relative  Risk 

Occupational  Category  (95%  C.L) 

f^^alue 

"sCby, 

ariatie  Remarks^ 

All 

Officer 

Enlisted  Flyer 
Enlisted  Groundcrew 


^  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  >vith  available  data. 

Adjusted  relative  risk,  confidence  interval,  and  p-value  not  presented  due  to  the  sparse  number  of 
abnormalities. 
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Table  18-45.  (Continued) 
Analysis  of  Serum  Glucagon  (Diabetics) 
(Discrete) 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  —  UNADJUSTED 


initial  Dioxin  Category  Summary  Statistics 

Percent 

Abnormal 

Initial  Dioxin  n  High 


Analysis  Results  for  Logj  (Initial  Dioxin)^ 


Estimated  Relative  Risk 
(95%C.L)‘> 


p-Value 


Low 

28 

0.0 

0.72  (0.22,2.37) 

0.566 

Medium 

27 

7.4 

High 

28 

0.0 

d)  MODEL  2:  RANCH  HANDS  - 

-  INITIAL  DIOXIN  - 

ADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin)^ 

n 

Adj.  Relative  Risk  (95%  CJ.)** 

p-Value 

Covariate  Remaiics 

83 

1.26  (0.21,7.72) 

0.808 

AGE  (p =0.072) 

RACE  (p=0.064) 
DIABSEV  (p =0.024) 

“  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 


18-236 


Table  18-45.  (Continued) 
Analysis  of  Serum  Glucagon  (Diabetics) 
(Discrete) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-UNADJUSTED 

Dioxin  Category 

n 

Percent 

Abnormal  I£gh 

Est.  Relative  Risk 
(95%  C.!.)** 

p-Value 

Comparison 

132 

0.8 

Background  RH 

38 

2.6 

8.33  (0.42,167.13) 

0.166 

Low  RH 

45 

4.4 

6.44  (0.51,80.67) 

0.149 

HighRH 

38 

0.0 

- 

- 

Low  plus  High  RH 

83 

2.4 

2.57  (0.22,30.32) 

0.453 

f)  model  3: 

RANCH  hands  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

Dioxin  Cat^ory 

Adj .  Relative  Risk 

;:::::?S-;:(95%C.I3^ 

p-VaJue 

:  Covariate  Ronarks 

Comparison 

132 

Background  RH 

38 

“ 

Low  RH 

45 

- 

- 

High  RH 

38 

- 

- 

Low  plus  High  RH 

83 

“ 

- 

^  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Adjusted  relative  risk,  confidence  interval,  and  p-value  not  presented  due  to  the  sparse  number  of 
abnormalities. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  Initial  Dioxin  >  143  ppt. 
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Table  18-45.  (Continued) 
Analysis  of  Serum  Glucagon  (Diabetics) 
(Discrete) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  —  CURRENT  DIOXIN  —  UNADJUSTED 


Current  Dioxin  Category 

Percent  Abnonnal  Ifigh/(n) 

.  Analysis  Results  for  Log2 
(Current  Dioxin  +  i) 

ModeP 

Low 

Medium 

High 

Est.  Relative  Risk 
(95%  C.I.)'’ 

p-Value 

4 

3.7 

(27) 

0.0 

(49) 

4.4 

(45) 

0.87  (0.40,1.89) 

0.722 

5 

4.0 

(25) 

2.1 

(47) 

2.0 

(49) 

0.87  (0.48,1.56) 

0.643 

6^ 

4.0 

(25) 

2.1 

(47) 

2.0 

(49) 

1.03  (0.51,2.06) 

0.938 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  —  CURRENT  DIOXIN  —  ADJUSTED 


Analysis  Results  for  Log2  (C*Brrent  Dioxin  +  1) 

Modd^ 

n 

Adj/Relative  Risk 
(95%  CX)" 

p-Value 

(  Covariate  Remaite 

4 

121 

0.78  (0.41,1.48) 

0.433 

OCC  (p =0.056) 

DIABSEV  (p=0.665) 

5 

116 

0.39  (0.07,2.19) 

0.128 

AGE  (p =0.024) 
RACE(p=0.141) 

OCC  (p =0.020) 

BEAT  (p  =0.100) 

FAMDIAB  (p=0.131) 

DIABSEV  (p =0.936) 

6** 

121 

1.03  (0.53,1.99) 

0.927 

DIABSEV  (p=0.772) 

*  Model  4:  Log,  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Log2  (whole-weight  current  dioxin  -hi). 

Model  6:  Logj  (whole-weight  current  dioxin  -hi),  adjusted  for  log2  total  lipids. 


’’  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

'  Adjusted  for  logj  total  lipids. 

**  Adjusted  for  logj  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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of  diabetes  were  significant  in  the  Model  5  adjusted  analysis.  No  covariates  were  significant 
in  Model  6. 

Serum  Glucagon  (Nondiabetics — Continuous) 

In  the  Model  1  imadjusted  analysis  of  serum  glucagon  restricted  to  nondiabetics,  no 
significant  overall  difference  in  mean  serum  glucagon  levels  between  Ranch  Hands  and 
Comparisons  was  revealed  (Table  18-46(a):  p=0.146).  However,  analyses  within  the  levels 
of  occupation  revealed  a  marginally  significant  negative  difference  between  the  two  groups  in 
the  enlisted  flyer  category  (p=0.067,  Diff.  of  Means=-2.98).  This  result  remained  marginally 
significant  after  adjusting  for  age,  race,  and  occupation  (Table  18-46(b):  p=0.059,  Diff.  of 
Adj.  Means=-2.93).  The  remaining  contrasts  between  Ranch  Hands  and  Comparisons  in 
Model  1  were  not  significant. 

A  marginally  significant  positive  association  between  serum  glucagon  and  initial  dioxin 
was  disclosed  in  the  unadjusted  analysis  for  Model  2  (Table  18-46(c):  p=0.060, 
Slope=0.0180).  After  an  adjustment  was  made  for  family  history  of  diabetes,  the  association 
remained  significant  (Table  18-46(d):  p=0.041,  Slope=0.0199).  Adjusted  means  were  52.25 
pg/ml,  54.47  pg/ml,  and  55.28  pg/ml  for  the  low,  medium,  and  high  dioxin  categories 
respectively. 

In  the  Model  3  imadjusted  analysis,  the  mean  serum  glucagon  level  for  nondiabetic 
background  Ranch  Hands  was  marginally  lower  than  that  of  nondiabetic  Comparisons 
(Table  18-46(e):  p=0.087,  Diff  of  Adj.  Means=-1.60).  This  result  remained  after  adjustment 
for  age  and  race  (Table  18-46(f):  p=0.051,  Diff.  of  Adj.  Means=-1.76).  The  serum  glucagon 
adjusted  mean  for  background  Ranch  Hands  was  54.48  pg/ml  compared  to  56.24  pg/ml  for 
Comparisons. 

Each  of  the  Model  4  through  6  imadjusted  analyses  of  serum  glucagon  restricted  to 
nondiabetics  revealed  a  significant  association  with  current  dioxin  (Table  18-46(g):  p=0.025, 
Slope=0.0143  for  Model  4;  p=0.013,  Slope=0.0136  for  Model  5;  and  p=0.047,  Slope=0.0117 
for  Model  6).  In  each  analysis,  serum  glucagon  levels  increased  with  dioxin.  Likewise,  in 
each  of  the  adjusted  Model  4  through  6  analyses,  the  association  between  serum  glucagon  and 
current  dioxin  was  significant  (Table  18-46(h):  p=0.044,  Slope=0.0147,  for  Model  4; 
p=0.027,  Slope=0.0138  for  Model  5;  and  p=0.065,  Slope=0.0123  for  Model  6).  Age,  race, 
and  occupation  were  retained  in  each  analysis. 

Serum  Glucagon  (Nondiabetics — ^Discrete) 

There  were  no  nondiabetic  participants  with  abnormally  high  serum  glucagon  levels; 
therefore,  the  Model  1  through  Model  6  analyses  for  this  variable  were  not  performed  (Table 
18-47(a-h). 

or-l-C  Hemoglobin  (All  Participants — Continuous) 

The  unadjusted  and  adjusted  analyses  of  a-l-C  hemoglobin  did  not  reveal  a  significant 
group  effect  (Table  18-48(a,b):  p>0.34).  Covariates  retained  in  the  adjusted  analysis  include 
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Table  18-46. 

Analysis  of  Serum  Glucagon  (pg/ml)  (Nondiabetics) 
(Continuous) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  UNADJUSTED 

Occupational 

Category 

Group 

n 

Mean^*’. 

Difference  of  Means 
(95%C.I.)‘= 

p-Value*' 

All 

Ranch  Hand 

702 

57.09 

-0.99  - 

0.146 

Comparison 

944 

58.09 

Officer 

Ranch  Hand 

265 

56.61 

-1.01  - 

0.355 

Comparison 

376 

57.62 

Enlisted  Flyer 

Ranch  Hand 

124 

55.24 

-2.98  - 

0.067 

Comparison 

154 

58.23 

Enlisted  Groundcrew 

Ranch  Hand 

313 

57.73 

-0.19  - 

0.851 

Comparison 

414 

57.92 

b)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS 

-  ADJUSTED 

Occupational 

Category 

Group 

n 

Adj. 

Mean® 

Difference  of  Adj. 
Means  (95%  C.I.)® 

p-Value^f 

Covariate  Remarks^ 

All 

Officer 

Ranch  Hand 
Comparison 

Ranch  Hand 
Comparison 

702 

944 

265 

376 

54.55 

55.51 

53.83 

54.80 

-0.96  - 

-0.97  - 

0.139 

0.346 

AGE  (p< 0.001) 
RACE  (p=0.021) 
OCC  (p =0.025) 
FAST  (p=0.687) 

Enlisted 

Ranch  Hand 

124 

52.82 

-2.93  - 

0.059 

Flyer 

Comparison 

154 

55.76 

Enlisted 

Ranch  Hand 

313 

56.28 

-0.17  - 

0.865 

Groundcrew 

Comparison 

414 

56.45 

^  Transformed  from  the  natural  logarithm  scale. 

Adjusted  for  fasting  status. 

*=  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 

**  P-values  based  on  difference  of  means  on  natural  logarithm  scale. 

e  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  18-46.  (Continued) 

Analysis  of  Serum  Glucagon  (pg/ml)  (Nondiabetics) 
(Continuous) 


c)  MODEL  2;  RANCH  HANDS  —  INITIAL  DIOXIN  —  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Inftial  IKoxin)^ 

Initial  Dioxin 

n 

Mean® 

Adj. 

Mean* 

R* 

Slope 

(Std.  Error)' 

p-Value 

Low 

122 

53.36 

53.34 

0.011 

0.0180  (0.0095) 

0.060 

Medium 

122 

55.53 

55.55 

High 

125 

56.31 

56.30 

d)  MODEL  2:  RANCH  HANDS  ^  INITIAL  DIOXIN  -  ADJUSTED 


Initial  Dioxin  Category  Summary 


Initial  Dioxin 

"li-^Mean* 

Low 

120 

52.25 

Medium 

119 

54.47 

High 

121 

55.28 

Analysis  Results  for  Log^  Onitial  Dioxin)^ 


p-Value 


0.026  0.0199  (0.0097)  0.041  FAMDIAB  (p=0.022) 


^  Transformed  from  natural  logarithm  scale. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


^  Slope  and  standard  error  based  on  natural  logarithm  of  serum  glucagon  versus  log,  (initial  dioxin). 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  18-46.  (Continued) 

Analysis  of  Serum  Glucagon  (pg/ml)  (Nondiabetics) 
(Continuous) 


e)  MODEX  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

—  UNADJUSTED 

Dioxin  Category 

n 

Mean* 

Adj. 

Mean“ 

DiHo’ence  of  Adj. 
Mean  vs.  Comparisons 
(95% 

p-Value® 

Comparison 

825 

58.37 

58.17 

Background  RH 

298 

56.64 

56.57 

-1.60  - 

0.087 

LowRH 

183 

56.77 

56.54 

-1.63  - 

0.146 

High  RH 

186 

59.10 

58.79 

0.62  - 

0.585 

Low  plus  High  RH 

369 

57.93 

57.66 

-0.51  - 

0.560 

I)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  ADJUSTED 

Difference  of  Adj.  : 

Dioxin  Gat^ory 

n 

Adj. 

Mean^ 

Mean  vs.  Comparisons 
(95%  C.!.)*® 

p-Value' 

Covariate  Remarks 

Comparison 

825 

56.24 

AGE  (p  =0.005) 

RACE  (p =0.024) 

Background  RH 

298 

54.48 

-1.76- 

0.051 

FAST  (p=0.616) 

Low  RH 

183 

54.75 

-1.49- 

0.171 

HighRH 

186 

57.23 

0.99  - 

0.371 

Low  plus  High  RH 

369 

55.98 

-0.25  - 

0.767 

“  Transformed  from  natural  logarithm  scale. 


Adjusted  for  fasting  status. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  fasting  status. 

**  Difference  of  adjusted  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of 
adjusted  means  not  presented  because  analysis  was  performed  on  natural  logarithm  scale. 

®  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  18-46.  (Continued) 

Analysis  of  Serum  Glucagon  (pg/ml)  (Nondiabetics) 
(Continuous) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  —  UNADJUSTED 


Model" 

Current  Dioxin  Cat^ory 

Mean^/(n) 

Low  Medium  High 

Analysis  Results  for  Log2 
(Current  Dioxin  +  1) 

Slope 

R*  (Std.  Error)*’  p-Value 

4 

57.17 

57.46 

60.02 

0.008 

0.0143 

0.025 

(236) 

(217) 

(214) 

(0.0064) 

5 

57.12 

57.86 

59.87 

0.009 

0.0136 

0.013 

(242) 

(216) 

(209) 

(0.0055) 

6" 

57.34 

57.85 

59.63 

0.010 

0.0117 

0.047 

(241) 

(216) 

(209) 

(0.0059) 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  —  CURRENT  DIOXIN  —  ADJUSTED 


Current  Dioxin  Category 
Adjusted  MeanV(n) 

Analysis  Results  for  Log2 
(Current  Dioxin  +  1) 

Model" 

Low 

Medium 

High 

R^ 

AdJ.  Slope 
(Std.  Error)*’ 

p-Value 

Covariate  RemaiRs 

4 

53.49 

(236) 

53.88 

(217) 

56.50 

(214) 

0.026 

0.0147 

(0.0073) 

0.044 

AGE  (p=0.014) 

RACE  (p =0.046) 

OCC  (p =0.1 14) 

FAST  (p =0.692) 

5 

53.43 

(242) 

54.23 

(216) 

56.17 

(209) 

0.028 

0.0138 

(0.0062) 

0.027 

AGE  (p=0.015) 

RACE  (p =0.049) 

OCC  (p =0.1 16) 

FAST  (p  =0.684) 

6f 

53.65 

(241) 

54.27 

(216) 

56.04 

(209) 

0.028 

0.0123 

(0.0067) 

0.065 

AGE  (p=0.017) 

RACE  (p  =0.055) 

OCC  (p =0.1 18) 

FAST  (p  =0.687) 

^  Transformed  from  natural  logarithm  scale. 

*’  Adjusted  for  fasting  status. 

'  Model  4:  Logj  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Logj  (whole-weight  current  dioxin  -I-  1). 

Model  6:  Logj  (whole-weight  current  dioxin  -I-  1),  adjusted  for  log2  total  lipids. 

^  Slope  and  standard  error  based  on  natural  logarithm  of  serum  glucagon  versus  logj  (current  dioxin  -I-  1). 
*  Adjusted  for  log2  total  lipids. 

^  Adjusted  for  logj  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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Table  18-47. 

Analysis  of  Serum  Glucagon  (Nondiabetics) 
(Discrete) 


a)  MODEL  1: 

RANCH  HANDS  VS.  COl^AiaSONS 

-UNADJUSTED 

Octiipational  Category 

'  \ .  /C^oup^  vL ; 

n 

All 

Ranch  Hand 

702 

0.0 

Comparison 

944 

0.0 

Officer 

Ranch  Hand 

265 

0.0 

Comparison 

376 

0.0 

Enlisted  Flyer 

Ranch  Hand 

124 

0.0 

Comparison 

154 

0.0 

Enlisted  Groundcrew 

Ranch  Hand 

313 

0.0 

Comparison 

414 

0.0 

b)  MODEL  21  RANCH  HANDS -- INITIAL  DIOXIN 

Initial  Dioxin  Category  Summary  SMtisti( 

Percent 

'Initial' .Dioxin : : ^ ^ 

Abnormal  High 

Low 

122 

0.0 

Medium 

122 

0.0 

High 

122 

0.0 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 


Table  18-47.  (Continued) 

Analysis  of  Serum  Glucagon  (Nondiabetics) 
(Discrete) 


c)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

Dioxin  Category 

n 

Percent 

Abnorm^  High 

Comparison 

825 

0.0 

Background  RH 

298 

0.0 

LowRH 

183 

0.0 

HighRH 

186 

0.0 

Low  plus  High  RH 

369 

0.0 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  ^  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 
High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 


d)  MODELS  4,  5,  AND  6; 

lL4NCfl  —  CTJRRENTDI^^ 

(Low:  ; 

Medium 

High 

4 

0.0 

0.0 

0.0 

(236) 

(217) 

(214) 

5 

0.0 

0.0 

0.0 

(242) 

(216) 

(209) 

6 

0.0 

0.0 

0.0 

(241) 

(216) 

(209) 

®  Model  4:  Logj  (lipid-adjusted  current  dioxin  -I-  1). 

Model  5:  Log2  (whole-weight  current  dioxin  4-  1). 

Model  6:  Log2  (whole-weight  current  dioxin  -I-  1),  adjusted  for  log2  total  lipids. 


Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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Table  18-48. 

Analysis  of  a-l-C  Hemoglobin  (percent)  (All  Participants) 

(Continuous) 


a)  MODEL  1:  iLyVCH  HANDS  VS.  COMPARISONS  —  Ul^aDJUSTED 


Occupational 

Category 

Group 

Mean* 

Difference  of  Means 
.(95%C.I|)*’ 

p-Value‘ 

All 

Ranch  Hand 

950 

7.16 

0.00  - 

0.978 

Comparison 

1,277 

7.16 

Officer 

Ranch  Hand 

365 

1.09 

0.03  ~ 

0.702 

Comparison 

502 

7.06 

Enlisted  Flyer 

Ranch  Hand 

162 

7.25 

-0.13  - 

0.343 

Comparison 

202 

7.38 

Enlisted  Groundcrew 

Ranch  Hand 

423 

7.19 

0.01  - 

0.851 

Comparison 

573 

7.18 

b)  MODEL  1:  RANCH  HAM)S  VS.  COMPARISONS 

-  ADJUSTED 

Occupational 

Category 

Group 

n 

Adj. 

Mean* 

Difference  of  Adj. 
Means  (95%  C  L)” 

p-Value^ 

Covariate  Remarks'* 

All 

Ranch  Hand 

932 

7.56 

0.01  - 

0.873 

AGE*RACE 

Comparison 

1,259 

7.55 

(p =0.025) 

AGE*BFAT 

Officer 

Ranch  Hand 

359 

7.05 

0.01  - 

0.892 

(p =0.020) 

Comparison 

499 

7.04 

.  RACE*OCC 

Enlisted 

Ranch  Hand 

159 

7.87 

-0.10  - 

0.433 

(p =0.002) 

Flyer 

Comparison 

197 

7.97 

RACE*FAMDIAB 

Enlisted 

Ranch  Hand 

414 

7.73 

0.04- 

0.557 

(p= 0.041) 

Groundcrew 

Comparison 

563 

7.69 

^  Transformed  from  the  natural  logarithm  scale. 


^  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 

^  P-values  based  on  difference  of  means  on  natural  logarithm  scale. 

^  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  18-48.  (Continued) 

Analysis  of  a-l-C  Hemoglobin  (percent)  (All  Participants) 

(Continuous) 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  {Initial  Dioxin)^ 

biitial  Dioxin 

n 

Mean® 

Adj. 

Mean®^ 

JR" 

Slope 

(Std.  Error)^ 

p-Value 

Low 

173 

7.13 

7.15 

0.070 

0.0106  (0.0061) 

0.082 

Medium 

172 

7.26 

7.29 

High 

173 

7.36 

7.31 

d)  MODEL  2:  RANCH  HANDS  ^  INITIAL  DIOXIN  --  ADJUSTED 


Initial  Dioxin  Category  Summary 


Initiial  Dioxin 


Adj. 

Mean^ 


;/Uiaiysis  R»ults  for  Log2  (Initial  Dioxin)° 


Adj.  Slope 
(Std.  Error)*? 


; :  p-Value  Xoy^riate  Remm 


Low 


Medium 


High 


171 


167 


168 


3|<::i|e4e4c 


0.195 


INIT*OCC  (p =0.009) 
AGE  (p =0.001) 

BEAT  (p=0.025) 
RACE*OCC  (p  =0.007) 
RACE*FAMDIAB 
(p =0.048) 

OCC*FAMDIAB  (p =0.050) 


^  Transformed  from  the  natural  logarithm  scale. 

**  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Slope  and  standard  error  based  on  natural  logarithm  of  a-l-C  hemoglobin  versus  logj  (initial  dioxin). 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  tmder  "Covariate  Remarks"  column. 

****  Log2  (initial  dioxm)-by-covariate  interaction  (p<0.01);  adjusted  mean,  adjusted  slope,  standard  error,  and 
p-value  not  presented;  refer  to  Appendix  Table  N-2-26  for  further  analysis  of  this  interaction. 

Note;  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  18-48.  (Continued) 

Analysis  of  a-l-C  Hemoglobin  (percent)  (All  Participants) 

(Continuous) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  UNADJUSTED 


Dioxin  Cat^oty 

Mean® 

Adj. 

Mean* 

Difference  of  Adj. 

Mean  vs.  Comparisons 
(95%  C.I.)® 

p-Value‘ 

Comparison 

1,060 

7.16 

7.16 

Background  RH 

374 

7.05 

7.13 

-0.02  - 

0.725 

Low  RH 

258 

7.20 

7.16 

0.00  ~ 

0.971 

High  RH 

260 

7.30 

7.23 

0.03  - 

0.330 

Low  plus  High  RH 

518 

7.25 

7.20 

0.04  ~ 

0.513 

i)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 


IHoxin  Category 

Adj. 

Mean®® 

Difference  of  Adj. 
Mean  vs.  Comparisons 
(95%  C.I.)® 

p-Value'’ 

Covariate  Remarks 

Comparison 

1,045 

7.58** 

DXCAT*BFAT  (p =0.010) 

AGE*BFAT  (p=0.009) 

Background  RH 

368 

7.57** 

-0.01  - 

_  ** 

0.929** 

RACE*OCC  (p<  0.001) 
RACE*FAMDIAB  (p=0.018) 

Low  RH 

252 

7.53** 

-0.05  - 

-  ** 

0.576** 

High  RH 

254 

7.69** 

0.11  - 

_ 

0.185** 

Low  plus  High  RH 

506 

7.61** 

0.03  - 

0.602** 

^  Transformed  from  natural  logarithm  scale. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Difference  of  adjusted  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of 
adjusted  means  not  presented  because  analysis  was  performed  on  natural  logarithm  scale. 

^  P-value  is  based  on  difference  of  means  on  namral  logarithm  scale. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  trnder  "Covariate  Remarks"  column. 

**  Categorized  dioxin-by-covariate  interaction  (p<0.05);  adjusted  mean,  difference  of  adjusted  means,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  N-2-26  for 
further  analysis  of  this  interaction. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  Initial  Dioxin  >  143  ppt. 
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Table  18-48.  (Continued) 

Analysis  of  a-l-C  Hemoglobin  (percent)  (All  Participants) 

(Continuous) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  UNADJUSTED 


Model** 

Current  Dioxin  Category 

Mean^/(n) 

Low  Medium  Mgli 

Analysis  Results  for  Logj 
. :  (Curroit  IMoxin  +  1) 

Slope 

R^  (&d.  Error)'*  p-Value 

4 

7.02 

7.19 

7.29 

0.011 

0.0123  (0.0038) 

0.001 

(295) 

(299) 

(298) 

5 

7.03 

7.11 

7.37 

0.016 

0.0126  (0.0033) 

<0.001 

(300) 

(296) 

(296) 

6“ 

7.10 

7.12 

7.29 

0.036 

0.0072  (0.0035) 

0.042 

(299) 

(296) 

(296) 

h)  MODELS  4,  5.  AND  6;  RANCH  HANDS  —  CURRENT  TOKJXm  T^  ADJ^^ 


Model** 

Current  Dioxin  Category 
Adjusted  MeanV(n) 

Low  Medium  High 

R* 

Analysis  Results  for  Log2 
(Current  Dioxin  +  1) 

AdJ.  Slope 

(Std.  Error)*^  p-Value  Covariate  Remarks 

4 

7.47** 

(290) 

7.52** 

(294) 

7.71** 

(290) 

0.106 

0.0113 

(0.0045)** 

0.012** 

CURR*BFAT  (p=0.022) 
AGE  (p  <0.001) 
FAMDIAB  (p  <0.001) 
OCC*RACE  (p=0.049) 

5 

7.48** 

(296) 

7.45** 

(290) 

7.84** 

(288) 

0.132 

0.0121 

(0.0039)** 

0.002** 

CURR*AGE  (p=0.006) 
CURR*BFAT  (p=0.001) 
FAMDIAB  (p <0.001) 
AGE*OCC  (p =0.022) 
OCC*RACE  (p =0.014) 

6® 

7.58** 

(295) 

7.47** 

(290) 

7.75** 

(288) 

0.147 

0.0064 

(0.0041)** 

0.124** 

CURR*AGE  (p =0.008) 
CURR*BFAT  (p =0.002) 
FAMDIAB  (p <0.001) 
AGE*OCC  (p=0.021) 
OCC*RACE  (p=0.009) 

^  Transformed  from  natural  logarithm  scale. 

^  Model  4:  Log2  (lipid-adjusted  current  dioxin  +1). 

Model  5:  Log2  (whole-weight  current  dioxin  +1). 

Model  6:  Log2  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

^  Slope  and  standard  error  based  on  natural  logarithm  of  q;-1-C  hemoglobin  versus  log2  (current  dioxin  -1-  1). 

^  Adjusted  for  log2  total  lipids. 

®  Adjusted  for  logj  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (current  dioxin  +  l)-by-covariate  interaction  (0.01  <p<0.05);  adjusted  mean,  adjusted  slope,  standard 
error,  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix 
Table  N-2-26  for  fiirther  analysis  of  this  interaction. 

Note:  Model  4:  Lx)w  =  <8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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the  age-by-race,  age-by-body  fat,  race-by-occupation,  and  race-by-family  history  of  diabetes 
interactions. 

A  marginally  significant  relationship  between  a-l-C  hemoglobin  and  initial  dioxin  was 
disclosed  in  the  Model  2  unadjusted  analysis  (Table  18-48(c):  p=0.082,  Slope=0.0106).  The 
adjusted  rnean  a-l-C  hemoglobin  levels  were  7.15  percent,  7.29  percent,  and  7.31  percent  for 
the  low,  medium,  and  high  dioxin  categories.  In  the  adjusted  analysis,  a  highly  significant 
interaction  between  initial  dioxin  and  occupation  was  revealed  (Table  18-48(d):  p=0.009). 
Refer  to  Appendix  Table  N-2-26  for  further  analysis  of  this  interaction.  Age,  body  fat,  and 
the  race-by-occupation,  race-by-family  history  of  diabetes,  and  occupation-by-family  history 
of  diabetes  interactions  were  retained  in  the  adjusted  analysis. 

The  Model  3  unadjusted  analysis  did  not  reveal  significant  differences  between  Ranch 
Hands  and  Comparisons  (Table  18-48(e):  p^.33).  However,  in  the  adjusted  analysis,  a 
significant  interaction  between  categorized  dioxin  and  body  fat  was  found  (Table  18-48(f): 
p=0.010).  Appendix  Table  N-2-26  shows  stratified  results  firoin  further  analyzing  this 
interaction.  No  significant  differences  between  Ranch  Hands  and  Comparisons  were  evident 
after  the  interaction  was  deleted  from  the  final  model  (p>0.18).  However,  after  occupation 
and  body  fat  were  removed  from  the  final  model,  a  significant  difference  between  high  Ranch 
Hands  and  Comparisons  was  revealed  (Appendix  Table  N-3-33:  p=0.047).  Mean  a-l-C 
hemoglobin  for  Ranch  Hands  in  the  high  ciuxent  dioxin  category  was  7.76  percent  compared 
to  7.59  percent  for  Comparisons.  The  age-by-body  fat,  race-by-occupation,  and  race-by¬ 
family  history  of  diabetes  interactions  also  were  significant  in  the  adjusted  analysis. 

Each  of  the  Model  4,  5,  and  6  unadjusted  analyses  revealed  a  significant  association 
between  a-l-C  hemoglobin  and  current  dioxin,  with  a-l-C  hemoglobin  increasing  with  dioxin 
(Table  18-48(g):  p=0.001,  Slope=0.0123  for  Model  4;  p<0.001,  Slope=0.0126  for  Model  5; 
and  p=0.042,  Slope=0.0072  for  Model  6).  After  adjustment  was  made  for  covariates  in  the 
Model  4  analysis,  the  interaction  of  current  dioxin  and  body  fat  was  significant  (Table 
18-48(h):  p=0.022).  Appendix  Table  N-2-26  presents  stratified  results  from  additional 
analysis  of  the  interaction.  After  deletion  of  the  interaction  from  the  final  model,  a  significant 
dioxin  effect  remained  (p=0.012).  Adjusted  means  for  the  low,  medium,  and  high  categories 
of  current  dioxin  were  7.47,  7.52,  and  7.71  percent.  Additional  covariates  retained  in  the 
adjusted  analysis  included  age,  family  history  of  diabetes,  and  the  occupation-by-race 
interaction.  In  the  Model  5  adjusted  analysis,  there  were  two  significant  interactions  tvith 
current  dioxin,  one  involving  age  and  the  other  involving  body  fat.  Stratified  results  of  this 
interaction  are  presented  in  Appendix  Table  N-2-26.  A  highly  significant  dioxin  effect 
remained  after  removal  of  the  interactions  from  the  final  model  (p=0.002).  Adjusted  means 
for  the  low,  medium,  and  high  dioxin  categories  were  7.48,  7.45,  and  7.84  percent.  Similar 
results  were  obtained  in  the  Model  6  adjusted  analysis.  A  three-way  interaction  involving 
current  dioxin,  age,  and  body  fat  was  significant  and  included  in  the  final  model  (p=0.015). 
Appendix  Table  N-2-26  displays  the  stratified  results  of  this  interaction.  The  dioxin  effect 
was  nonsignificant  after  removal  of  interactions  from  the  final  model  (p=0.124),  but  became 
significant  after  body  fat  and  occupation  also  were  removed  (Appendix  Table  N-3-33: 
p=0.002).  Additional  covariates  retained  in  each  of  the  Model  5  and  Model  6  adjusted 
analyses  included  family  history  of  diabetes  and  the  age-by-occupation  and  occupation-by-race 
interactions. 
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a-l-C  Hemoglobin  (All  Participants — ^Discrete) 

Neither  the  unadjusted  nor  adjusted  Model  1  analysis  of  a-l-C  hemoglobin  revealed 
significant  results  (Table  18-49(a,b):  p>0.24  for  all  contrasts).  Significant  covariates  included 
age,  body  fat,  family  history  of  diabetes,  and  the  occupation-by-race  interaction. 

The  Model  2  imadjusted  analysis  of  a-l-C  hemoglobin  did  not  reveal  a  significant 
association  with  initial  dioxin  (Table  18-49(c):  p=0.773).  However,  in  the  adjusted  analysis, 
a  significant  interaction  between  initial  dioxin  and  occupation  was  disclosed  (Table  18-49(d): 
p=0.030).  Stratified  results  from  additional  analysis  on  this  interaction  are  presented  in 
Appendix  Table  N-2-27.  A  significant  association  between  initial  dioxin  and  a-l-C 
hemoglobin  was  not  evident  after  removal  of  the  interaction  from  the  final  model  (p=0.300). 
Age,  race,  and  family  history  of  diabetes  were  retained  in  the  adjusted  analysis. 

Neither  the  unadjusted  nor  adjusted  Model  3  analyses  of  a-l-C  hemoglobin  revealed 
significant  differences  between  Ranch  Hands  and  Comparisons  (Table  18-49(e,f):  p>0.52  for 
all  analyses).  Covariates  retained  in  the  adjusted  analysis  included  age,  race,  occupation,  body 
fat,  and  family  history  of  diabetes. 

In  both  the  Model  4  and  5  unadjusted  analyses  of  a-l-C  hemoglobin,  a  marginally 
significant  or  significant  association  with  current  dioxin  was  found  (Table  18-49(g):  p=0.071, 
Est.  RR=1.10  for  Model  4  and  p=0.016,  Est.  RR=1.11  for  Model  5).  Adjustment  for  total 
lipids  in  the  Model  6  imadjusted  analysis  led  to  nonsignificant  results  (p=0.352).  After 
adjusting  for  age,  race,  personality  type,  body  fat,  and  family  history  of  diabetes  in  the 
Model  4  analysis,  the  dioxin  effect  was  no  longer  significant  (Table  18-49(h):  p=0.212). 
However,  removal  of  body  fat  from  the  final  model  again  caused  the  dioxin  effect  to  become 
significant  (Appendix  Table  N-3-34:  p=0.013,  Est.  RR=1.15.  In  the  Model  5  adjusted 
analysis,  the  interaction  of  current  dioxin  and  body  fat  was  significant  (Table  18-49(g): 
p=0.039).  Refer  to  Appendix  Table  N-2-27  for  further  analysis  of  this  interaction.  After 
deletion  of  the  interaction  from  the  final  model,  a  marginally  significant  dioxin  effect 
remained  (p=0.072,  Est.  RR=1.10).  The  interaction  of  current  dioxin  and  body  fat  also  was 
significant  in  the  Model  6  adjusted  analysis  (p=0.046).  Results  from  further  analysis  of  this 
interaction  are  shown  in  Appendix  Table  N-2-27.  The  association  between  current  dioxin  and 
a-l-C  hemoglobin  was  not  significant  once  the  interaction  was  removed  from  the  final  model 
(p=0.713). 

a-l-C  Hemoglobin  (Diabetics — Continuous) 

In  the  Model  1  unadjusted  analysis  of  a-l-C  hemoglobin  restricted  to  diabetics,  no 
significant  group  differences  were  revealed  (Table  18-50(a):  p>0.62  for  all  analyses). 
However,  in  the  adjusted  analysis,  a  highly  significant  interaction  between  group  and  age  was 
revealed  (Table  18-50(b):  p=0.005).  See  Appendix  Table  N-2-28  for  additional  analysis  of 
the  interaction.  Significant  covariates  in  the  adjusted  analysis  included  race,  diabetic  severity, 
and  the  age-by-occupation  and  body  fat-by-family  history  of  diabetes  interactions. 
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Table  18-49. 

Analysis  of  a-l-C  Hemoglobin  (All  Participants) 
(Discrete) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  UNADJUSTED 

Percent  : 


Occupational  Category 

Group 

n 

Abnormal 

High 

Est.  Rdative  Sisk 
(95%  C.I.) 

p-Value 

All 

Ranch  Hand 

950 

26.9 

1.03  (0.85,1.25) 

0.774 

Comparison 

1,277 

26.3 

Officer 

Ranch  Hand 

365 

24.1 

1.09  (0.80,1.50) 

0.639 

Comparison 

502 

22.5 

Enlisted  Flyer 

Ranch  Hand 

162 

30.2 

0.78  (0.50,1.22) 

0.330 

Comparison 

202 

35.6 

Enlisted  Groundcrew 

Ranch  Hand 

423 

28.1 

1.09(0.83,1.45) 

0.581 

Comparison 

573 

26.4 

b)  MODEL  1:  RANCH  HANDS  VS. 

COMPARISONS  -e  )y>JlJSTi:D 

Occupational  Category 

Adj.  Relative  Risk 
(95%  C.I.) 

ip^Value 

Covariate  Remarks® 

All 

1.05  (0.86,1.29) 

0.626 

AGE  (p<0.001) 

Officer 

1.08  (0.77,1.50) 

0.660 

BFAT  (p<  0.001) 
FAMDIAB  (p <0.001) 

Enlisted  Flyer 

0.75  (0.47,1.22) 

0.249 

OCC*RACE  (p=0.005) 

Enlisted  Groundcrew 

0.99  (0.73,1.33) 

0.934 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  18-49.  (Continued) 

Analysis  of  a-l-C  Hemoglobin  (All  Participants) 
(Discrete) 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Category  Summaiy  Statistics 

Percent 

Abnormal 

Initial  Dioxin  n  High 


Analysis  Results  for  Logj  (Initial  Dioxin)^ 


Estimated  Relative  Risk 
(95%  C.I.)’’ 


p-Value 


Low 

173 

27.7 

1.02  (0.88,1.18) 

0.773 

Medium 

172 

31.4 

High 

173 

28.3 

d)  MODEL  2:  RANCH  HANDS  --  INIl^  DIOXIN  - 

ADJUSTED 

Analysis  Results  for  Log2  Hnitiai  Dioxin)^ 

Acy^  Relative  Risk  (95%  G p-Value 

Remarks 

506 

1.10  (0.92,1.32)**  0.300** 

INIT*OCC  (p=0.030) 

AGE  (p=0.003) 

RACE  (p=0.042) 
FAMDIAB  (p =0.001) 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  ^te  of  the  blood  draw  for  dioxin. 

’’  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

'  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log,  (initial  dioxin)-by-covariate  interaction  (0.01  <p^0.05);  adjusted  relative  risk,  confidence  interval,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  N-2-27  for  further 
analysis  of  this  interaction. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  18-49.  (Continued) 

Analysis  of  a-l-C  Hemoglobin  (All  Participants) 
(Discrete) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-  UNADJUSTED 

Dioxin  Category 

n 

Percent 

Abnormal  Ifigh 

Est.  Relative  Risk 
(95%  C.I.)"^ 

p-Value 

Comparison 

1,060 

26.1 

Background  RH 

374 

23.5 

1.02(0.77,1.35) 

0.893 

Low  RH  ' 

258 

29.5 

1.11  (0.81,1.50) 

0.523 

HighRH 

260 

28.8 

1.01  (0.74,1.38) 

0.938 

Low  plus  High  RH 

518 

29.2 

1.06  (0.83,1.34) 

0.646 

1)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  I 

HOXIN  CATEGORY  —  ADJUSTED 

Adj.  Relative 

IHoxin  Category  n  (95%  CJ.) 

Ris 

k 

p-Vaiu 

Coy, 

^ate  Remarks 

Comparison 

Background  RH 

1,045 

368 

1.07  (0.79,1.44) 

0.675 

AGE  (p  <0.001) 
RACE  (p <0.001) 
OCC  (p=0.002) 
BEAT  (p=0.021) 

LowRH 

252 

1.02  (0.74,1.41) 

0.898 

FAMDIAB  (p<0.001) 

High  RH 

254 

1.07  (0.77,1.49) 

0.699 

Low  plus  High  RH 

506 

1.04  (0.81,1.34) 

0.742 

^  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

’’  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  18-49.  (Continued) 

Analysis  of  or-l-C  Hemoglobin  (All  Participants) 
(Discrete) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  UNADJUSTED 


Model" 


Current  Dioxin  Category 
Percent  Abnormal  High/(n) 


Low 


Medium 


High 


Analysis  Results  for  Log2 
(Current  IKoxin  +  1) 

Est.  Rdatire  Risk 

(95%  C,!.)”  p-Value 


4 

5 
6*= 


23.4 

(295) 

22.0 

(300) 

22.1 

(299) 


28.4 

(299) 

28.4 

(296) 

28.4 

(296) 


28.5 

(298) 

30.1 

(296) 

30.1 

(296) 


1.10  (0.99,1.21) 

1.11  (1.02,1.22) 
1.05  (0.95,1.15) 


0.071 

0.016 

0.352 


h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CUMffiNT  MOXIN  ADJU^ 


Model" 

Analysis  Res 
Adj.  Relative  Risk 

ults  for  Logj  (Cun 

p-Value 

4 

873 

1.08  (0.96,1.21) 

0.212 

AGE  (p< 0.001) 

RACE  (p =0.003) 

PERS  (p=0.073) 

BEAT  (p<  0.001) 

FAMDIAB  (p  <0.001) 

5 

873 

1.10  (0.99,1.21)** 

0.072** 

CURR*BFAT  (p=0.039) 

AGE  (p< 0.001) 

RACE  (p=0.003) 

PERS  (p=0.089) 

FAMDIAB  (p=0.001) 

6“ 

872 

1.02  (0.91,1.14)** 

0.713** 

CURR*BFAT  (p =0.046) 

AGE  (p <0.001) 

RACE  (p=0.001) 

PERS  (p=0.047) 

FAMDIAB  (p=0.001) 

^  Model  4:  ljog2  (lipid-adjusted  current  dioxin  +1). 

Model  5:  Log2  (whole-weight  current  dioxin  -hi). 

Model  6:  Log2  (whole-weight  current  dioxin  -hi),  adjusted  for  log2  total  lipids. 

^  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

^  Adjusted  for  log2  total  lipids. 

^  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (current  dioxin  +  l)-by-covariate  interaction  (0.01  <p<0.05);  adjusted  relative  risk,  confidence 
interval,  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table 
N-2-27  for  further  analysis  of  this  interaction. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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Table  18-50. 

Analysis  of  or-l-C  Hemoglobin  (percent)  (Diabetics) 
(Continuous) 


a)  MODEL  1;  R>WCH  VS.  COMPAMSCTJS  —  UNADJUSTED 


Occupational 

Category 

Group 

n 

Mean^ 

Difference  of  Means 
<95%  C.I.)^ 

p-Value^ 

All 

Ranch  Hand 

142 

9.02 

0.01  ~ 

0.984 

Comparison 

179 

9.01 

Officer 

Ranch  Hand 

55 

8.89 

-0.03  - 

0.943 

Comparison 

58 

8.92 

Enlisted  Flyer 

Ranch  Hand 

25 

8.99 

-0.34  - 

0.635 

Comparison 

36 

9.33 

Enlisted  Groundcrew 

Ranch  Hand 

62 

9.15 

0.20  ~ 

0.628 

Comparison 

85 

8.95 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS —  ADJUSTED 

Occupational 

Category  Group 

n 

Adj. 

Mean" 

Difference  of  Adj. 
Means  (95%  C.I.)'’ 

p-Value' 

Govariate  Remarks^ 

All 

Ranch  Hand 

137 

GROUP*AGE 

Comparison 

177 

(p =0.005) 

RACE  (p =0.008) 

Officer 

Ranch  Hand 

53 

DIABSEV  (p  <0.001) 

Comparison 

58 

AGE*OCC  (p =0.024) 

Enlisted 

Ranch  Hand 

24 

BFAT*FAMDIAB 

Flyer 

Comparison 

34 

(p=0.015) 

Enlisted 

Ranch  Hand 

60 

Groundcrew 

Comparison 

85 

^  Transformed  from  the  natural  logarithm  scale. 

Difference  of  mpans  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 

^  P-values  based  on  difference  of  means  on  namral  logarithm  scale. 

Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 

Group-by-covariate  interaction  (p<0.01);  adjusted  mean,  difference  of  adjusted  means,  and  p-value  not 
presented;  refer  to  Appendix  Table  N-2-28  for  further  analysis  this  interaction. 
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Table  18-50.  (Continued) 

Analysis  of  a-l-C  Hemoglobin  (percent)  (Diabetics) 
(Continuous) 


c)  MODEL  2:  RANCH  HANDS  -  INmAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Cat^ory  Summary  Statistics 

Analysis  Results  for  Log^  (Initial  IMoxin)'’ 

liutial  Dioxin 

n 

Mean® 

Adj. 

Mean®** 

R^ 

Slope 

(Std.  Error)' 

p-Value 

Low 

31 

8.81 

8.91 

0.113 

0.0360  (0.0199) 

0.074 

Medium 

31 

8.79 

8.87 

High 

34 

10.22 

10.03 

d)  MODEL  2:  RANCH  HANDS  -  IMTIAL  DIOXIN  -  ADJUSTED 


Initial  Dioxin  Category  Summary 
■ :  ./^Statistics  ■ . 


Initial  Dioxin 

Mean®’^ 

Low 

31 

10.57 

Medium 

31 

10.43 

High 

34 

11.68 

Analysis  Results  for  L(^2  (Initial  IMoxin)‘* 


R^ 


(Std.  Error)’ 


Covariate  Remarks 


0.524  0.0300(0.0193)  0.124  RACE  (p=0.002) 

BEAT  (p=0.027) 
OCC*DIABSEV  (p =0.001) 


®  Transfonned  from  natural  logaritbm  scale. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Slope  and  standard  error  based  on  natural  logarithm  of  a-l-c  hemoglobin  versus  logj  (initial  dioxin). 

**  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  18-50.  (Continued) 

Analysis  of  a-l-C  Hemoglobin  (percent)  (Diabetics) 
(Continuous) 


€)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


Dioxin  Category 

n 

Mean^ 

Adj. 

Mean* 

DiHerence  of  Adj. 

Mean  vs.  Comparisons 
(95%  C.Lf 

p-Value^ 

Comparison 

148 

8.90 

8.89 

Background  RH 

42 

8.52 

8.69 

-0.20  - 

0.629 

Low  RH 

49 

8.82 

8.78 

-0.11  - 

0.778 

High  RH 

47 

9.77 

9.70 

0.81  - 

0.053 

Low  plus  High  RH 

96 

9.28 

9.22 

0.33  - 

0.301 

0  MODEL  3;  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  ADJUSTED 

Difference  of  Adj. 


Dioxin  Cat^ory 

n 

Adj. 

Mean®® 

Mean  vs.  Comparisons 
(95%C.I.)' 

p-Value'’ 

Covariate  Remarks 

Comparison 

148 

10.22 

0.10  - 

0.822 

RACE  (p <0.001) 
BEAT  (p =0.025) 
AGE*OCC  (p=0.008) 

Background  RH 

42 

10.32 

OCC*DIABSEV  (p =0.004) 

Low  RH 

49 

10.02 

-0.20  - 

0.621 

HighRH 

47 

10.78 

0.56  - 

0.195 

Low  plus  High  RH 

96 

10.38 

0.16  - 

0.605 

^  Transformed  from  natural  logarithm  scale. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Difference  of  adjusted  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of 
adjusted  means  not  presented  because  analysis  was  performed  on  natural  logarithm  scale. 

^  P-vaiue  is  based  on  difference  of  means  on  natural  logarithm  scale. 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  ’’Covariate  Remarks"  column. 

Note;  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 


18-258 


Table  18-50.  (Continued) 

Analysis  of  a-l-C  Hemoglobin  (percent)  (Diabetics) 
(Continuous) 


g)  MODELS  4,  HANDS  -  CURRENT  DIOXIN  —  UNADJUSTED 


Model*’ 

Current  Dioxin  Category 

Mean®/(n) 

Low  Medium  High 

Analysis  Results  for  Log2 
(Current  IMoxin  +  1) 

Slope 

R^  (Std.  Error)®  p-Value 

4 

8.49 

8.81 

9.59 

0.048 

0.0391 

0.010 

(28) 

(56) 

(54) 

(0.0149) 

5 

8.70 

8.32 

9.93 

0.050 

0.0334 

0.008 

(26) 

(54) 

(58) 

(0.0124) 

6“ 

8.89 

8.38 

9.77 

0.064 

0.0241 

0.090 

(26) 

(54) 

(58) 

(0.0141) 

h)  MODELS  4,  5,  AND  6;  RANCH  HANDS  --  CPIRENT  DIOXIN  -  ADJUSTED 


Model” 

Cuirent  Dioxin  Category 
Adjusted  Mean^/(n) 

Low  Medium  High 

R^ 

Analysis  Results  for  Log2 
(Current  Dioxin  +  1) 

Adj.  Slope 

(Std.  Error)®  p-Value  Covariate  Remarks 

4 

10.51 

(26) 

10.71 

(55) 

11.21 

(52) 

0.475 

0.0237 

(0.0164) 

0.152 

AGE(p=0.139) 

RACE  (p =0.025) 

BEAT  (p=0.050) 
OCC*DlABSEV  (p =0.005) 
FAMD1AB*DIABSEV 

(p=0.018) 

5 

10.84 

(24) 

10.23 

(53) 

11.63 

(56) 

0.476 

0.0196 

(0.0134) 

0.145 

AGE(p=0.139) 

RACE  (p=0.025) 

BEAT  (p=0.057) 
OCC*DIABSEV  (p =0.006) 
EAMD1AB*DIABSEV 

(p =0.022) 

6® 

10.92 

(24) 

10.18 

(53) 

11.62 

(56) 

0.468 

0.0168 

(0.0155) 

0.281 

RACE  (p =0.021) 

BEAT  (p=0.052) 
OCC*DIABSEV  (p =0.008) 
EAMD1AB*D1ABSEV 
(p =0.038) 

®  Transformed  from  natural  logarithm  scale. 

**  Model  4:  Logj  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Log2  (whole-weight  current  dioxin  -(-  1). 

Model  6:  Logj  (whole-weight  current  dioxin  +  1),  adjusted  for  logj  total  lipids. 

Slope  and  standard  error  based  on  natural  logarithm  of  a-l-C  hemoglobin  versus  log2  (current  dioxin  +  1). 
**  Adjusted  for  log2  total  lipids. 

Adjusted  for  logj  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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In  the  unadjusted  Model  2  analysis,  a  marginally  significant  association  between  initial 
dioxin  and  a-l-C  hemoglobin  restricted  to  diabetes  was  revealed  (Table  18-50(c):  p=0.074, 
Slope=0.0360).  Means  for  the  low  and  medium  categories  of  initial  dioxin  were  8.91  and 
8.87  percent  compared  to  10.03  percent  for  the  high  category.  After  adjustment  was  made  for 
race,  body  fat,  and  the  occupation-by-diabetic  severity  interaction,  the  dioxin  effect  was  no 
longer  significant  (Table  18-50(d):  p=0.124).  However,  after  body  fat  and  occupation  were 
removed  from  the  adjusted  model,  the  association  with  dioxin  became  marginally  significant 
(Appendix  Table  N-3-35;  p=0.092,  Slope=0.0313). 

In  the  Model  3  unadjusted  analysis,  mean  a-l-C  hemoglobin  was  marginally  greater  in 
diabetic  high  Ranch  Hands  (9.70  percent)  than  in  diabetic  Comparisons  (8.89  percent)  (Table 
18-50(e):  p=0.053,  Diff  of  Adj.  Mean=  0.81).  However,  in  the  adjusted  analysis,  a 
significant  difference  between  the  two  groups  was  not  evident.  The  remaining  three  contrasts 
also  were  nonsignificant  in  the  adjusted  analysis  (Table  18-50(f):  p>0.19).  Race,  body  fat, 
and  the  age-by-occupation  and  occupation-by-diabetic  severity  interactions  were  retained  in 
the  adjusted  model. 

In  each  of  the  Model  4  through  6  imadjusted  analyses,  the  association  between  a-l-C 
hemoglobin  and  current  dioxin  in  diabetics  was  significant  or  marginally  significant  (Table 
18-50(g):  p=0.010,  Slope=0.0391  for  Model  4;  p=0.008,  Slope=0.0334  for  Model  5;  and 
p=0.090,  Slope=0.0241  for  Model  6).  After  adjustment  was  made  for  covariate  information, 
the  dioxin  effect  was  no  longer  significant  in  any  of  the  three  analyses  (Table  18-50(h); 
p>0.14).  However,  after  the  removal  of  oecupation  and  body  fat  fi-om  the  adjusted  model, 
significant  and  marginally  significant  positive  associations  with  dioxin  were  detected  for 
Models  4,  5,  and  6  (Table  N-3-35):  p=0.034,  Slope=0.0321  for  Model  4;  p=0.020, 
Slope=0.0291  for  Model  5;  and  p=0.059,  Slope==0.0259  for  Model  6).  In  the  Model  4  and  5 
adjusted  analyses,  significant  covariates  included  age,  race,  body  fat,  and  the  occupation-by¬ 
diabetic  severity  and  family  history  of  diabetes-by-diabetic  severity  interactions.  In  the  Model 
6  adjusted  analysis,  race,  body  fat,  the  occupation-by-diabetic  severity  and  family  history  of 
diabetes-by-diabetic  severity  interactions  were  significant. 

a-l-C  Hemoglobin  (Diabetics — ^Discrete) 

In  the  Model  1  unadjusted  and  adjusted  analyses  restricted  to  diabetics,  the  percentage  of 
Ranch  Hands  with  abnormally  high  a-l-C  hemoglobin  levels  did  not  differ  sigmficantly  from 
that  of  the  Comparisons  (Table  18-51(a,b):  p>0.27  for  all  analyses).  In  the  adjusted  analysis, 
significant  covariates  were  age,  personality  type,  occupation,  and  the  body  fat-by-diabetic 
severity  and  family  history  of  diabetes-by-body  fat  interactions. 

The  association  between  initial  dioxin  and  a-l-C  hemoglobin  in  diabetics  was 
nonsignificant  in  the  Model  2  unadjusted  and  adjusted  analyses  (Table  18-51(c,d):  p>0.87). 
The  adjusted  analysis  retained  race  and  diabetic  severity. 

In  the  imadjusted  Model  3  analysis,  a  marginally  significant  difference  in  diabetic 
participants  with  abnormally  high  a-l-C  hemoglobin  was  seen  for  low  plus  high  Ranch  Hands 
versus  Comparisons  (Table  18-5 1(e):  p=0.096,  Est.  RR=1.76).  However,  after  adjustment 
was  made  for  race,  diabetic  severity,  and  the  age-by-body  fat  interaction,  the  difference  was 
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Table  18-51. 

Analysis  of  a-l-C  Hemoglobin  (Diabetics) 
(Discrete) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 

-DNADJUSTED 

PercCTt 

Abnomial 

Est.  Relative  Risk 

Occupational  Category  Group 

n 

High 

(95%  C.I.) 

p-Value 

All 

Ranch  Hand 

142 

79.6 

1.20  (0.70,2.04) 

0.605 

Comparison 

179 

76.5 

Officer 

Ranch  Hand 

55 

78.2 

1.14  (0.47,2.74) 

0.945 

Comparison 

58 

75.9 

Enlisted  Flyer 

Ranch  Hand 

25 

80.0 

0.97  (0.27,3.48) 

0.999 

Comparison 

36 

80.6 

Enlisted  Groundcrew 

Ranch  Hand 

62 

80.6 

1.37  (0.61,3.04) 

0.570 

Comparison 

85 

75.3 

b)  MODEL  ! 

:  RANCH  HANDS  VS.  COMPARISCHSIS  —  ADJUSTED 

Adj.  Relative  Risk 

Occupational  Category 

(95%  C.I.) 

p-Value 

Covariate  Remarks^ 

All 

1.22  (0.65,2.29) 

0.533 

AGE  (p  <0.001) 

Officer 

1.11  (0.37,3.26) 

0.855 

PERS  (p=0.125) 

OCC  (p=0.071) 

Enlisted  Flyer 

0.60  (0.13,2.79) 

0.516 

BFAT*DIABSEV  (p =0.024) 

Enlisted  Groundcrew 

1.76  (0.63,4.90) 

0.277 

FAMDIAB*BFAT  (p=0.014) 

^  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  18-51.  (Continued) 
Analysis  of  a-l-C  Hemoglobin  (Diabetics) 
(Discrete) 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Logj  (faitial  Dioxin)* 

Initial  Dioxin 

n 

Percent 

Abnormal 

High 

Estimated  Relative  Risk 
(95%  C.I.)^ 

p-Value 

Low 

31 

87.1 

1.02  (0.66,1.57) 

0.931 

Medium 

31 

74.2 

High 

34 

88.2 

d)  MODEL  2:  RANCH  HANDS  —INITIAL  DIOXIN  — 

ADJUSTED 

":^n  ■  ■ 

Analysis  Results  for  Logj  (Initial  Dioxin)^ 
Adj.  Relative  Risk  (95%  C.I.)**  p-^Viilue 

Covariate  Remaiics 

96 

1.04  (0.66,1.63)  0.870 

RACE  (p =0.028) 

DIABSEV  (p=0.005) 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  18-51.  (Continued) 
Analysis  of  a-l-C  Hemoglobin  (Diabetics) 
(Discrete) 


e)  MODEL  3;  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  UNADJUSTED 


Dioxin  Category 

n 

Percent 

M)nonnal  High 

Est.  Relative  Risk 
(95%C.L)* 

p-Value 

Comparison 

148 

73.6 

Background  RH 

42 

69.0 

1.11  (0.50,2.45) 

0.798 

LowRH 

49 

81.6 

1.59  (0.69,3.65) 

0.273 

HighRH 

47 

85.1 

1.97  (0.80,4.85) 

0.140 

Low  plus  High  RH 

96 

83.3 

1.76  (0.90,3.42) 

0.096 

f)MODEL3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  ADJUSTED 

Adj.  Rdative  Risk 
(95%C.I.)*= 

Dioxin  Categoiy 

n 

p-Vaiue 

Covaiiate  Rmarks 

Comparison 

148 

AGE*BFAT  (p =0.014) 

RACE  (p =0.017) 

Background  RH 

42 

0.96  (0.40,2.32) 

0.935 

DIABSEV  (p  <0.001) 

LowRH 

49 

1.52(0.61,3.84) 

0.371 

HighRH 

47 

2.16(0.81,5.78) 

0.126 

Low  plus  High  RH 

96 

1.80  (0.87,3.72) 

0.113 

®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

**  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dionn  >  143  ppt. 
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Table  18-51.  (Continued) 
Analysis  of  a-l-C  Hemoglobin  (Diabetics) 
(Discrete) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  UNADJUSTED 

Current  Dioxin  Category 

Percent  Abnormal  High/(n) 

Analysis  Results  for  1x^2 
(Currait  Dioxin  +  1) 

ModeP 

Low 

Medium 

High 

Est.  Relative  Risk 

(95%  C-L)”  p-Value 

4 

71.4 

(28) 

78.6 

(56) 

83.3 

(54) 

1.23  (0.92,1.64)  0.142 

5 

65.4 

(26) 

77.8 

(54) 

86.2 

(58) 

1.20  (0.95,1.51)  0.116 

6" 

65.4 

(26) 

77.8 

(54) 

86.2 

(58) 

1.09  (0.84,1.42)  0.512 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  — 

CURRENT  DIOXIN  —  ADJUSTED 

Analysis  Results  for  Ldgj  (Current  Dioxin  4-1) 

Model® 

Adj.  Relative  Risk 
;  (95%C.L)'’ 

p-Value 

Coyariaie  Remaiics 

4 

138 

1.41  (0.96,2.09) 

0.070 

AGE(p=0.011) 

RACE  (p=0. 124) 

BEAT  (p=0.015) 

DIABSEV  (p <0.001) 

5 

138 

1.42  (1.01,2.02) 

0.035 

AGE*RACE  (p=0.045) 

BEAT  (p=0.030) 

DIABSEV  (p <0.001) 

6'^ 

138 

1.24  (0.84,1.83) 

0.267 

AGE*RACE  (p =0.025) 

BEAT  (p=0.039) 

DIABSEV  (p <0.001) 

®  Model  4:  Log2  Gipid-adjusted  current  dioxin  +1). 

Model  5:  Logj  (whole-weight  current  dioxin  -1-1). 

Model  6:  Logj  (whole-weight  current  dioxin  -I-  1),  adjusted  for  logj  total  lipids. 

*’  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

^  Adjusted  for  logj  total  lipids. 

**  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Lx)w  =  ^  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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no  longer  significant  (Table  18-5 1(f):  p=0.113).  The  other  contrasts  examining  differences 
between  Ranch  Hands  and  Comparisons  were  nonsignificant  as  well  (p>0.12  for  the  remaining 
contrasts). 

Although  the  Model  4  imadjusted  analysis  did  not  reveal  a  significant  association 
between  cturent  dioxin  and  a-l-C  hemoglobin  in  diabetics,  adjustment  for  age,  race,  body  fat, 
and  diabetic  severity  led  to  a  marginally  significant  positive  dioxin  effect  (Table  18-51(g,h): 
p=0.142  for  the  unadjusted  analysis;  p=0.070,  Adj.  !^=1.41  for  the  adjusted  analysis). 
Similarly,  the  Model  5  unadjusted  analysis  revealed  no  significant  findings;  however, 
adjusting  for  covariate  information  revealed  a  significant  association  between  current  dioxin 
and  a-l-C  hemoglobin  in  diabetics  (p=0.116  for  the  unadjusted  analysis;  p=0.035,  Adj. 
RR=L42  for  the  adjusted  analysis).  Significant  covariates  included  body  fat,  diabetic  severity, 
and  the  age-by-race  interaction.  Neither  the  unadjusted  nor  the  adjusted  Model  6  analyses 
disclosed  any  significant  results  (p>0.26).  Covariates  significant  in  the  adjusted  analysis  were 
body  fat,  diabetic  severity,  and  the  age-by-race  interaction. 

a-l-C  Hemoglobin  (Nondiabetics — Continuous) 

Nondiabetic  Ranch  Hands  and  Comparisons  did  not  have  significantly  different  mean 
levels  of  a-l-C  hemoglobin  in  the  imadjusted  Model  1  analysis  (Table  18-52(a):  p>0.37  for 
all  contrasts).  In  the  adjusted  analysis,  the  interaction  of  group  and  body  fat  was  significant 
(Table  18-52(b):  p=0.036).  The  interaction  was  further  analyzed,  and  results  are  presented  in 
Appendix  Table  N-2-29.  After  removal  of  the  interaction  from  the  final  model,  no  significant 
differences  between  Ranch  Hands  and  Comparisons  were  evident  (p>0.28  for  all  analyses). 
Additional  significant  covariates  in  the  adjusted  analysis  included  race,  occupation,  and  the 
age-by-family  history  of  diabetes  interaction. 

Restricted  to  nondiabetics,  the  Model  2  analyses  of  a-l-C  hemoglobin  disclosed  no 
significant  results  (Table  18-52(c,d):  p>0.83).  Retained  in  the  adjusted  analysis  were  age  and 
the  occupation-by-family  history  of  diabetes  and  the  body  fat-by-race  interactions. 

Two  marginally  significant  negative  differences  between  Ranch  Hands  and  Comparisons 
were  revealed  in  the  Model  3  unadjusted  analysis  of  a-l-C  hemoglobin  in  nondiabetics.  Both 
high  Ranch  Hands  and  low  plus  high  Ranch  Hands  had  significantly  lower  mean  levels  of  a- 
1-C  hemoglobin  than  Comparisons  (Table  18-52(e):  p=0.095  for  high  Ranch  Hands  vs. 
Comparisons  and  p=0.091  for  low  plus  high  Ranch  Hands  vs.  Comparisons).  The  a-l-C 
hemoglobin  means  were  6.83  percent  and  6.85  percent  for  high  and  low  plus  high  Ranch 
Hands  respectively,  compared  to  6.91  percent  for  Comparisons.  After  adjustment  was  made 
for  age,  race,  occupation,  body  fat,  and  family  history  of  diabetes,  only  the  difference  between 
low  plus  high  Ranch  Hands  and  Comparisons  remained  marginally  significant  (Table  18-52(f): 
p=0.053,  Diff.  of  Adj.  Mean=-0.07.  For  this  Ranch  Hand  category,  the  adjusted  a-l-C 
hemoglobin  mean  was  7.05  percent  versus  7.12  percent  for  Comparisons.  Removal  of 
occupation  and  body  fat  from  the  final  model  caused  the  difference  between  low  plus  high 
Ranch  Hands  and  Comparisons  to  become  nonsignificant  (Appendix  Table  N-3-37:  p=0.179). 

None  of  the  Model  4  through  6  unadjusted  analyses  restricted  to  nondiabetics  revealed 
any  significant  associations  between  a-l-C  hemoglobin  and  current  dioxin  (Table  18-52(g): 
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Table  18-52. 

Analysis  of  a-l-C  Hemoglobin  (percent)  (Nondiabetics) 

(Continuous) 


a)  MODEL  !:  RANCH  HANDS  VS.  COMPARISONS 

-UNADJUSTED 

Occupational 

Category 

Group 

n 

p-Value‘= 

All 

Ranch  Hand 

808 

6.88 

-0.02  - 

0.431 

Comparison 

1,098 

6.90 

Officer 

Ranch  Hand 

310 

6.81 

-0.04  - 

0.375 

Comparison 

444 

6.85 

Enlisted  Flyer 

Ranch  Hand 

137 

6.96 

-0.05  - 

0.563 

Comparison 

166 

7.01 

Enlisted  Groundcrew 

Ranch  Hand 

361 

6.90 

0.00  - 

0.871 

Comparison 

488 

6.90 

b)  MODEL  !:  RANCH  HANDS  VS.  COMPARISONS 

—  ADJUSTED 

Occupational 

Category 

Group 

n 

Adj. 

Mean^ 

Difference  of  Adj . 
Means  (95%  C.I.)'’ 

p-Yalue^ 

Covariate  Remarks^ 

All 

Ranch  Hand 

795 

7.07** 

-0.02  -  ** 

0.381** 

GROUP*BFAT 

Officer 

Comparison 

Ranch  Hand 
Comparison 

1,082 

306 

441 

7.09** 

6.96** 

7.01** 

-0.05  -  ** 

0.288** 

(p =0.036) 
RACE(p<0.001) 
OCC(p<0.001) 
AGE*FAMDIAB 

Enliste(i 

Ranch  Hand 

135 

7.13** 

-0.04  -  ** 

0.558** 

(p=0.034) 

Flyer 

Comparison 

163 

7  17** 

Enlisted 

Ranch  Hand 

354 

7.11** 

0.00  -  ** 

0.967** 

Groundcrew 

Comparison 

478 

7  11** 

®  Transformed  from  the  natural  logarithm  scale. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 

P-values  based  on  difference  of  means  on  natural  logarithm  scale. 

**  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 

**  Group-by-covariate  interaction  (0.01  <p<0.05);  adjusted  mean,  difference  of  adjusted  means,  and  p-value 
derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  N-2-29  for  further 
analysis  of  this  interaction. 
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Table  18-52.  (Continued) 

Analysis  of  a-l-C  Hemoglobin  (percent)  (Nondiabetics) 

(Continuous) 


c)  MODEL  2:  RANCHI^^  -  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  ^Initial  Dioxin)^ 

Initial  Dioxin 

n 

Mean'“ 

Adj. 

Mean* 

R* 

Slope 

(Std.  Error)' 

p-Value 

Lx)w 

142 

6.81 

6.81 

0.008 

-0.0001 

(0.0032) 

0.984 

Medium 

141 

6.96 

6.97 

High 

139 

6.79 

6.78 

d)  MODEL  2:  RANCH  HANDS  --  INITIAL  DIOXIN  ^  ADJUSTED 


Initial  Dioxin  Category  Summary 
Statistics 


Analysis  Resuits  for  Logj  (Initial  Dioxin)‘' 


Initial  Dioxin 

n 

Adj. 

Mean* 

R^ 

Adj.  Slope 
(Std.  Error)' 

P“Value 

Covariate  Remarks 

Lx)w 

140 

6.89 

0.105 

0.0007 

0.837 

AGE  (p<  0.001) 

(0.0036) 

OCC*FAMDIAB  (p =0.009) 

Medium 

137 

7.06 

BFAT*RACE  (p=0.032) 

High 

135 

6.91 

®  Transformed  from  naniral  logarithm  scale. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Slope  and  standard  error  based  on  natural  logarithm  of  a-l-C  hemoglobin  versus  logj  (initial  dioxin). 

**  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  bloo^  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  18-52.  (Continued) 

Analysis  of  a-l-C  Hemoglobin  (percent)  (Nondiabetics) 

(Continuous) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


Dioxin  Cat^ory 

n 

Mean® 

Adj. 

Mean* 

Difference  of  Adj. 

Mean  vs.  Ctnnparisons 
(95%  C.L)‘= 

p-VaIue‘ 

Comparison 

912 

6.91 

6.91 

Background  RH 

332 

6.89 

6.89 

-0.02  - 

0.742 

Low  RH 

209 

6.86 

6.86 

-0.05  - 

0.350 

HighRH 

213 

6.84 

6.83 

-0.08  - 

0.095 

Low  plus  High  RH 

422 

6.85 

6.85 

-0.06  - 

0.091 

f)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATE<50RY  -  ADJUSTED 

Difference  of  Adj, 

Adj. 

Mean  vs.  Comparisons 

Dioxin  Cat^ory 

n 

Mean®^ 

(95%  C.I.)'" 

p-Value** 

Covariate  Remarks 

Comparison 

898 

7.12 

0.00  - 

0.902 

AGE  (p <0.001) 

RACE  (p  <0.001) 

OCC  (p =0.002) 

Background  RH 

329 

7.12 

BEAT  (p <0.001) 

Low  RH 

204 

7.05 

-0.07  - 

0.132 

FAMDIAB  (p=0.005) 

HighRH 

208 

7.05 

-0.07  - 

0.142 

Low  plus  High  RH 

412 

7.05 

-0.07  - 

0.053 

^  Transformed  from  natural  logarithm  scale. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Difference  of  adjusted  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of 
adjusted  means  not  presented  because  analysis  was  performed  on  natural  logarithm  scale. 

^  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  18-52.  (Continued) 

Analysis  of  a-l-C  Hemoglobin  (percent)  (Nondiabetics) 

(Continuous) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CXJRRENT  DIOXIN  -- tWADJUSTO 


Modd** 

Low 

Current  Dioxin  Cat^ory 
Mean“/(n) 

Medium 

High 

Analysis  Results  for  Logj 
(Current  IHoxin  +  1) 

Slope 

R*  (Std.  Error)'  p-Value 

4 

6.88 

6.86 

6.86 

<0.001 

-0.0011 

0.625 

(267) 

(243) 

(244) 

(0.0023) 

5 

6.89 

6.86 

6.85 

<0.001 

-0.0002 

0.926 

(274) 

(242) 

(238) 

(0.0020) 

6“ 

6.90 

6.86 

6.84 

0.005 

-0.0015 

0.457 

(273) 

(242) 

(238) 

(0.0021) 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  —  CURRINT  DIOXIN  -  ADJUSTED 


Model'’ 

Current  Dioxin  Category 
Adjusted  Mean^/(n) 

Low  Medium  High 

R^ 

Analysis  Results  for  Logj 
(Current  Dioxin  +  1) 

Adj.  Slope 

(Std.  Error)'  p^Value^ 

4 

7.08** 

(264) 

7.00** 

(239) 

6.98** 

(238) 

0.057 

-0.0037 

(0.0027)** 

0.174** 

CURR*RACE  (p =0.045) 
AGE  (p<0.001) 

OCC  (p =0.009) 
FAMDIAB  (p =0.005) 
BFAT*RACE  (p =0.037) 

5 

7.06 

(272) 

7.00 

(237) 

6.97 

(232) 

0.047 

-0.0014 

(0.0022) 

0.519 

AGE  (p  <0.001) 

RACE  (p=0.044) 

OCC  (p=0.012) 
FAMDIAB  (p =0.008) 

6' 

7.09 

(271) 

7.00 

(237) 

6.96 

(232) 

0.050 

-0.0028 

(0.0024) 

0.233 

AGE  (p <0.001) 

RACE  (p=0.035) 

OCC  (p =0.009) 
FAMDIAB  (p =0.008) 

^  Transformed  from  natural  logarithm  scale. 

**  Model  4:  Logj  Qipid-adjusted  current  dioxin  +  1). 

Model  5:  Log2  (whole-weight  current  dioxin  -I-  1). 

Model  6:  Logj  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

Slope  and  standard  error  based  on  natural  logarithm  of  a-l-C  hemoglobin  versus  logj  (current  dioxin  +  1). 

**  Adjusted  for  logj  total  lipids. 

*  Adjusted  for  logj  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

**  Logj  (current  dioxin  -I-  l)-by-covariate  interaction  (0.01  <p <0.05);  adjusted  mean,  adjusted  slope,  standard 
error,  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table 
N-2-29  for  further  analysis  of  this  interaction. 

Note;  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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p>0.45  for  all  analyses).  In  the  Model  4  adjusted  analysis,  however,  a  significant  interaction 
between  current  dioxin  and  race  was  disclosed  (Table  18-52(h):  p=0.045).  Appendix  Table 
N-2-29  presents  stratified  results  from  additional  analysis  on  the  interaction.  After  the 
interaction  was  removed  from  the  final  model,  no  significant  dioxin  effect  was  revealed 
(p=0.174).  Likewise,  both  the  Model  5  and  Model  6  adjusted  analyses  led  to  nonsignificant 
results  (p>0.23  for  both  analyses).  The  Model  4  analysis  retained  age,  occupation,  family 
history  of  diabetes,  and  the  body  fat-by-race  interaction,  whereas  both  the  Model  5  and  Model 
6  adjusted  analyses  retained  age,  occupation,  race,  and  family  history  of  diabetes. 

a-l-C  Hemoglobin  (Nondiabetics — ^Discrete) 

Neither  the  Model  1  unadjusted  nor  adjusted  analysis  of  a-l-C  hemoglobin  revealed  any 
significant  differences  between  nondiabetic  Ranch  Hands  and  Comparisons  (Table  18-53(a,b): 
p>0.32  for  all  analyses).  Significant  covariates  included  age,  race,  occupation,  body  fat,  and 
family  history  of  diabetes. 

Restricted  to  nondiabetics,  no  significant  associations  between  a-l-C  hemoglobin  and 
dioxin  were  disclosed  in  the  Model  2  and  Model  3  analyses  (Table  18-53(c-f):  p>0.25  for  all 
analyses).  The  Model  2  adjusted  analysis  retained  family  history  of  diabetes  and  the  race-by¬ 
body  fat  interaction,  whereas  the  Model  3  analysis  retained  age,  race,  occupation,  body  fat, 
and  family  history  of  diabetes. 

Current  dioxin  was  not  significantly  associated  with  a-l-C  hemoglobin  in  any  of  the 
Model  4  through  6  analyses  restricted  to  nondiabetics  (Table  18-53(g,h):  p>0.20  for  all 
analyses).  In  each  of  the  adjusted  analyses,  race,  personality  type,  body  fat,  and  family 
history  of  diabetes  were  significant. 

Urinary  Protein  (Diabetics  Only) 

All  contrasts  examined  fi’om  both  unadjusted  and  adjusted  Model  1  analyses  of  urinary 
protein  restricted  to  diabetics  did  not  indicate  significant  differences  between  Ranch  Hands 
and  Comparisons  (Table  18-54(a,b):  p>0.32  for  each  contrast).  Group-by-race  was  a 
significant  interaction  in  Model  1.  Adjusted  relative  risks,  95  percent  confidence  intervals, 
and  p- values  were  based  on  the  final  model  after  deletion  of  the  group  interaction.  Results 
stratified  by  race  are  presented  in  Table  N-2-30.  Occupation,  diabetic  severity,  and  the  age- 
by-family  history  of  diabetes  interaction  also  were  significant  in  the  final  adjusted  model. 

Similar  to  Model  1,  results  fi-om  Models  2  and  3  were  nonsignificant  for  all  unadjusted 
and  adjusted  analyses  of  urinary  protein  in  diabetics  (Table  18-54(c-f):  p>0.12  for  all 
analyses).  Model  2  adjusted  analysis  reflects  adjustment  for  diabetic  severity  only,  whereas 
diabetic  severity  and  the  age-by-family  history  of  diabetes  interaction  were  significant  in  the 
Model  3  final  adjusted  model. 

All  imadjusted  and  adjusted  analyses  of  Models  4,  5,  and  6  displayed  nonsignificant 
associations  between  current  dioxin  and  presence  of  urinary  protein  restricted  to  diabetics 
(Table  18-54(g,h):  p>0.48  for  all  analyses).  Each  model  adjusted  for  the  significant  covariate 
effects  of  race  and  diabetic  severity. 
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Table  18-53. 

Analysis  of  a-l-C  Hemoglobin  (Nondiabetics) 
(Discrete) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


Percent 


Occupational  Category 

Group 

fl 

Abnormal 

High 

:  t  Est.  Rdative  Risk 
(95%  C.I.) 

p-Value 

All 

Ranch  Hand 

808 

17.7 

0.97  (0.77,1.23) 

0.858 

Comparison 

1,098 

18.1 

Officer 

Ranch  Hand 

310 

14.5 

0.92  (0.61,1.39) 

0.777 

Comparison 

444 

15.5 

Enlisted  Flyer 

Ranch  Hand 

137 

21.2 

0.77  (0.45,1.31) 

0.407 

Comparison 

166 

25.9 

Enlisted  Groundcrew 

Ranch  Hand 

361 

19.1 

1.09  (0.77,1.55) 

0.698 

Comparison 

488 

17.8 

b)  MODEL  1:  RANCH  HANDS  VS,  COMPARISONS  -  ADJUSTED 

Adj.  Relative  Risk 

Occupational  Cat^ory 

(95%  C.L) 

p-Value 

Covariate  Remarks^ 

All 

0.98  (0.77,1.25) 

0.850 

AGE(p<0.001) 

Officer 

0.93  (0.61,1.40) 

0.712 

RACE  (p  <0.001) 

OCC  (p =0.003) 

Enlisted  Flyer 

0.76  (0.44,1.32) 

0.328 

BEAT  (p  <0.001) 

Enlisted  Groimdcrew 

1.13  (0.79,1.62) 

0.489 

FAMDIAB  (p=0.086) 

Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  18-53.  (Continued) 

Analysis  of  a-l-C  Hemoglobin  (Nondiabetics) 
(Discrete) 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  —  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 


Analysis  Results  for  Logj  (Initial  Dirodn)® 


Estimated  Relative  Risk 
(95%  C.!.)” 


1.02  (0.83,1.24) 


p-Value 


0.866 


RANCH  HANDS  -  INITIAL  DiOXIN  —  ADJUSTED 


Analysis  Results  for  Logj  (InitiaMMoxin)*^ 

Adf;  Relative  Risk  (95%  C.L)‘'  p^Value  Covariate  Remarks 


1.00  (0.82,1.23)  0.996  FAMDIAB  (p =0.028) 


RACE*BFAT  (p=0.012) 


®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  18-53.  (Continued) 

Analysis  of  a-l-C  Hemoglobin  (Nondiabetics) 
(Discrete) 


€)  MODEL  3:  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  UNADJUSTED 


Dioxin  category 

n 

Percent 

Abnormal  ffigh 

Est.  Relative  Risk 
(95%  C.L)* 

p-Value 

Comparison 

912 

18.4 

Background  RH 

332 

17.8 

1.01  (0.73,1.41) 

0.934 

Low  RH 

209 

17.2 

0.91  (0.61,1.35) 

0.631 

HighRH 

213 

16.4 

0.82  (0.55,1.22) 

0.324 

Low  plus  High  RH 

422 

16.8 

0.86(0.63,1.17) 

0.338 

D  MODEL  3: 

R^CH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATE(50RY  —  ADJUSTED 

Adj.  Relative  Risk 

Dioxin  Category 

n 

(95%  CX)^" 

ip-^yalue 

Covariate  Ranarks 

Comparison 

898 

AGE  (p< 0.001) 

RACE  (p<0.001) 

Background  RH 

329 

1.10(0.78,1.56) 

0.580 

OCC  (p=0.003) 

BEAT  (p=0.003) 

Low  RH 

204 

0.84  (0.56,1.26) 

0.395 

FAMDIAB  (p =0.051) 

High  RH 

208 

0.82  (0.54,1.26) 

0.372 

Low  plus  High  RH 

412 

0.83  (0.60,1.14) 

0.255 

^  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  Initial  Dioxin  >  143  ppt. 
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Table  18-53.  (Continued) 

Analysis  of  a-l-C  Hemoglobin  (Nondiabetics) 
(Discrete) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  LnSTADJUSTED 


Current  Dioxin  Category 

Percent  Abnormal  BQgh/(n) 

Analysis  Results  for  Log2 
(Current  IHoxin  +  1) 

Est.  Relative  Risk 

Model^ 

Low 

Medium 

High 

(95%  C.I.)'’ 

p-Value 

4 

18.4 

16.9 

16.4 

0.99  (0.86,1.12) 

0.824 

(267) 

(243) 

(244) 

5 

17.9 

17.4 

16.4 

1.01  (0.90,1.13) 

0.921 

(274) 

(242) 

(238) 

6= 

17.9 

17.4 

16.4 

0.97  (0.86,1.10) 

0.648 

(273) 

(242) 

(238) 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  — 

CURRENT  DIOXIN  —  ADJUSTED 

ModeP 

Aiiaiyiis  R« 

Adj.  Relative  Risk 
(95%  C.I.)'’ 

ihlts  For  Log 

p-Value 

2  (Cmnrent  Dio»n  ^  1) 

^  :  C^ 

4 

740 

0.93  (0.81,1.07) 

0.307 

RACE  (p=0.045) 

PERS  (p =0.121) 

BEAT  (p =0.035) 

FAMDIAB  (p=0.020) 

5 

740 

0.96  (0.85,1.09) 

0.525 

RACE  (p=0.046) 

PERS  (0=0.132) 

BEAT  (p=0.046) 

EAMDIAB  (p =0.022) 

6** 

739 

0.92  (0.81,1.05) 

0.206 

RACE  (p =0.030) 

PERS  (p =0.094) 

BEAT  (p=0.040) 

FAMDIAB  (p=0.021) 

®  Model  4:  Logj  Qipid-adjusted  current  dioxin  +1). 

Model  5:  Log2  (whole-weight  current  dioxin  -1-1). 

Model  6:  Logj  (whole-weight  current  dioxin  -f  1),  adjusted  for  log2  total  lipids. 


^  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

^  Adjusted  for  logj  total  lipids. 

Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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Table  18-54. 

Analysis  of  Urinary  Protein  (Diabetics) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


Occupational  Cat^ory 

Group 

n 

.  Percent 
Ifresent 

Est.  Relative  Risk 
(95%  CX) 

p-Yalue 

All 

Ranch  Hand 

142 

12.7 

0.81  (0.43,1.54) 

0.635 

Comparison 

178 

15.2 

Officer 

Ranch  Hand 

55 

\1.1 

1.06  (0.35,3.25) 

0.999 

Comparison 

58 

12.1 

Enlisted  Flyer 

Ranch  Hand 

25 

12.0 

1.09  (0.22,5.36) 

0.999 

Comparison 

36 

11.1 

Enlisted  Groimdcrew 

Ranch  Hand 

62 

12.9 

0.63  (0.25,1.58) 

0.445 

Comparison 

84 

19.1 

b)  MODEL  1 

:  RANCH  HANDS  VS.  COMPARISONS  - 

-  ADJUSTED 

Adj.  Relative  Risk 

Occupational  Category 

:  (95%  C.I.> 

p-Value 

i  Coyariate  Remarics^ 

All 

0.84  (0.42,1.69)** 

0.618** 

GROUP*RACE  (p =0.026) 

Officer 

1.04  (0.31,3.48)** 

0.945** 

OCC  (p=0.086) 
DIABSEV  (p=0.005) 

Enlisted  Flyer 

1.50  (0.26,8.84)** 

0.651** 

AGE*FAMDIAB  (p  =0.042) 

Enlisted  Groundcrew 

0.61  (0.23,1.63)** 

0.323** 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 

**  Group-by-covariate  interaction  (0.01  <p<0.05);  adjusted  relative  risk,  confidence  interval,  and  p-value 
derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  N-2-30  for  further 
analysis  of  this  interaction. 
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Table  18-54.  (Continued) 
Analysis  of  Urinary  Protein  (Diabetics) 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  DNARTUSTED 


Initial  Dimdn  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)® 

Percent 

:: :  Estimated  Rdative  Risk 

biitial  Dionn 

n 

Present 

(95%  C.L)‘> 

p-Value 

Lx)w 

31 

6.5 

1.21  (0.78,1.88) 

0.401 

Medium 

31 

9.7 

High 

34 

14.7 

d)  MODEL  2:  RANCH  HANDS -- INTnAL  DIOXIN  - 

ADJUSTED  ^  ^  ^  ^  ^  ^ 

Analysis  Results  for  Logj  (Initial  Dioxin)® 
Ad^.  Relative  Risk  (95%  Cil.)*"  p-Value 

Covariate  Remarks 

96 

1.13  (0.72,1.79)  0.586 

DIABSEV  (p  =0.248) 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  18-54.  (Continued) 
Analysis  of  Urinary  Protein  (Diabetics) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

—  UNADJUSTED 

bioxiD  Category 

n 

Percent 

Present 

Est.  Relative  Risk 
(95%  C.L)"^ 

p-Value 

Comparison 

147 

16.3 

Background  RH 

42 

16.7 

1.26(0.49,3.28) 

0.631 

LowRH 

49 

8.2 

0.44  (0.14,1.36) 

0.151 

HighRH 

47 

12.8 

0.68  (0.26,1.83) 

0.447 

Low  plus  High  RH 

96 

10.4 

0.56(0.25,1.24) 

0.152 

f)  model  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  ADJUSTED 

Dioxin  Category 

n 

Adj.  Relative  Risk 
(95%  CX)“= 

p-Value 

Covariate  Remarks 

Comparison 

146 

DIABSEV  (p =0.026) 
AGE*FAMDIAB  (p=0.025) 

Background  RH 

39 

1.48  (0.52,4.23) 

0.463 

Low  RH 

48 

0.39  (0.12,1.30) 

0.125 

HighRH 

46 

0.80  (0.28,2.28) 

0.676 

Low  plus  High  RH 

94 

0.57  (0.25,1.32) 

0.190 

®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  18-54.  (Continued) 
Analysis  of  Urinary  Protein  (Diabetics) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  UNADJUSTED 

-  . 

Current  Dioxin  Cat^ory 
Percent  Present/(n) 

Analysis  Results  for  Log2 
(Cuixent  Dioxin  +  1) 

ModeP 

Low 

Medium 

High 

Est.  Relative  Risk 

(9S%C.L)*»  p-Value 

4 

10.7 

(28) 

14.3 

(56) 

11.1 

(54) 

1.11  (0.80,1.53) 

0.538 

5 

11.5 

(26) 

11.1 

(54) 

13.8 

(58) 

1.10  (0.83,1.46) 

0.486 

6= 

11.5 

(26) 

11.1 

(54) 

13.8 

(58) 

1.08  (0.79,1.48) 

0.619 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  r- 

CURRENT  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (Current  Dioxin  +  1) 

ModeP 

n 

Adj.  Relative  Risk 
(95%  CJ.)" 

p-Value 

Covariate  Remarks 

4 

138 

1.01  (0.71,1.44) 

0.947 

RACE  (p =0.087) 
DIABSEV  (p=0.061) 

5 

138 

1.02(0.77,1.37) 

0.878 

RACE  (p =0.090) 
DIABSEV  (p=0.063) 

6** 

138 

1.04  (0.75,1.44) 

0.826 

RACE  (p=0.088) 
DIABSEV  (p=0.062) 

^  Model  4:  Log2  (lipid-adjusted  current  dioxin  +1). 

Model  5:  Log2  (whole-weight  current  dioxin  +1). 

Model  6:  Log2  (whole-weight  current  dioxin  +1),  adjusted  for  log2  total  lipids. 

^  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

^  Adjusted  for  log2  total  lipids. 

^  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  " Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  M^ium  =  >46-128  ppq;  High  =  >  128  ppq. 
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Serum  Proinsulin  (Continuous) 

Continuous  analyses  of  serum  proinsulin  were  nonsignificant  for  Models  1,  2,  3,  4,  and  6 
for  all  unadjusted  and  adjusted  models  (Table  18-55(a-h)  p>0.11  for  each  analysis).  Race, 
personality  type,  fasting  status,  and  the  body  fat-by-diabetic  severity  and  family  history  of 
diabetes-by-diabetic  severity  interactions  were  significant  in  the  adjusted  analyses  of  Model  1. 
Models  2,  4,  5,  and  6  adjusted  for  personality  type,  body  fat,  fasting  status,  and  diabetic 
severity.  Model  3  adjusted  for  race,  personality  type,  and  the  body  fat-by-diabetic  severity 
and  family  history  of  diabetes-by-diabetic  severity  interactions. 

The  Model  5  unadjusted  analysis  revealed  a  significant  positive  association  between 
serum  proinsulin  and  current  dioxin  (Table  18-55(g):  p=0.047,  Slope=0.033).  Results  were 
nonsignificant  after  adjustment  for  the  covariate  effects  of  personality  type,  body  fat,  fasting 
status,  and  diabetic  severity  (Table  18-55(h):  p=0.529). 

Serum  Proinsulin  (Discrete) 

All  unadjusted  and  adjusted  results  from  the  analysis  of  discrete  serum  proinsulin  were 
nonsignificant  for  Models  1,  2,  and  3  (Table  18-56(a-f):  p>0.20  for  each  analysis).  Race  and 
diabetic  severity  were  significant  covariates  in  Models  1  and  3.  Age,  diabetic  severity,  and 
the  occupation-by-body  fat  interaction  were  significant  in  Model  2. 

Unadjusted  analysis  for  Model  4  revealed  a  marginally  significant  association  between 
current  dioxin  and  discrete  serum  proinsulin  (Table  18-56(g):  p=0.077,  Est.  RR=1.23). 

Model  5  unadjusted  results  displayed  a  significant  association  between  current  dioxin  and 
discrete  serum  proinsulin  (Table  18-56(g):  p=0.031,  Est.  RR=1.24).  Unadjusted  results  were 
nonsignificant  for  Model  6  (Table  18-56(g):  p=0.359).  Adjusted  analyses  for  Models  4,  5, 
and  6  each  adjusted  for  the  interaction  of  current  dioxin  and  occupation  (Table  18-56  (h): 
p=0.001  for  Model  4,  p<0.001  for  Models  5  and  6).  Results  stratified  by  occupation  are 
presented  in  Table  N-2-3 1 .  Other  significant  covariates  present  in  the  Model  4  final  model 
are  diabetic  severity,  and  the  age-by-occupation,  race-by-body  fat,  and  family  history  of 
diabetes-by-body  fat  interactions.  Significant  covariates  included  in  Model  5  are  body  fat, 
diabetic  severity,  and  the  age-by-occupation  interaction.  Race  and  current  dioxin-by-diabetic 
severity,  age-by-occupation,  and  personality-by-body  fat  interactions  also  were  significant  in 
Model  6.  See  Table  N-2-3 1  for  Model  6  results  stratified  by  diabetic  severity.  Exclusion  of 
body  fat  and  occupation  led  to  a  significant  association  with  current  dioxin  for  Ranch  Hands 
who  do  not  receive  any  treatment  for  their  diabetes  (Appendix  Table  N-4-13:  p=0.037,  Adj. 
RR=1.60).  Additionally,  the  adjusted  relative  risks  for  &e  diet  only  and  oral  hypoglycemic 
categories  became  nonsignificant  when  body  fat  and  occupation  were  removed  (Appendix 
Table  N-4-13:  p=0.298,  and  p=0.246  respectively). 

Serum  C  Peptide  (Continuous) 

Each  contrast  from  the  Model  1  unadjusted  analysis  of  continuous  serum  C  peptide 
revealed  nonsignificant  differences  between  Ranch  Hands  and  Comparisons  (Table  18-57(a): 
p>0.18  for  each  contrast).  After  adjustment  for  race,  body  fat,  diabetic  severity,  and  fasting 
status,  the  overall  and  enlisted  groundcrew  strata  contrasts  were  marginally  significant  (Table 
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Table  18-55. 

Analysis  of  Serum  Proinsulin  (ng/ml)  (Diabetics) 
(Continuous) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  UNADJUSTED 


Occupational 

Category 

Group 

n 

Mean* 

Difference  of  Means 
(95%  C.I.)= 

p-'YaW 

All 

Ranch  Hand 

134 

0.777 

-0.044  - 

0.634 

Comparison 

173 

0.820 

Officer 

Ranch  Hand 

52 

0.752 

-0.234  - 

0.142 

Comparison 

57 

0.986 

Enlisted  Flyer 

Ranch  Hand 

23 

0.691 

0.024  - 

0.902 

Comparison 

35 

0.667 

Enlisted  Groundcrew 

Ranch  Hand 

59 

0.833 

0.054  - 

0.694 

Comparison 

81 

0.779 

b)  MODEL  !:  RANCH  HANDS  VS.  COMPARISONS 

-ADJUSTED 

Occupational 

Category  Group 

n 

Adj. 

Mean^ 

Difference  of  Adj. 
Means  (95%  C.I.)'= 

p-Value^ 

Covariate  Remarks^ 

All 

Ranch  Hand 

129 

0.809 

0.023  - 

0.790 

RACE  (p =0.020) 

Comparison 

172 

0.785 

PERS  (p=0.050) 

FAST  (p<  0.001) 

Officer 

Ranch  Hand 

50 

0.757 

-0.099  - 

0.507 

BFAT*blABSEV 

Comparison 

57 

0.856 

(p  <0.001) 

Enlisted 

Ranch  Hand 

22 

0.792 

0.113  - 

0.738 

FAMDIAB*DIABSEV 

Flyer 

Comparison 

34 

0.679 

(p =0.004) 

Enlisted 

Ranch  Hand 

57 

0.871 

0.077  - 

0.738 

Groundcrew 

Comparison 

81 

0.794 

^  Transformed  from  the  square  root  scale. 

^  Adjusted  for  fasting  status. 

^  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  an^ysis  was  performed  on  square  root  scale. 

^  P-values  based  on  difference  of  means  on  square  root  scale. 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  18-55.  (Continued) 

Analysis  of  Serum  Proinsulin  (ng/ml)  (Diabetics) 
(Continuous) 


c)  MODEL  2;  RANCH  HANDS  —  INITIAL  DIOXIN  —  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)^ 

Initiai  Dioxin 

n 

Mean* 

;>"^^-Adj.  ■ 

Mean“^ 

R* 

Slope 

{Std*  Error)^ 

p-Value 

Lx)w 

29 

0.708 

0.741 

0.426 

0.007  (0.025) 

0.764 

Medium 

29 

0.878 

0.930 

High 

33 

0.650 

0.852 

d)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN  —  ADJUSTED 


Initial  Dioxin  Category  Summary 
Statistics 

Adj. 


Initiai  Dioxin 

n 

Mean®® 

Low 

29 

0.754 

Medium 

29 

0.952 

High 

33 

0.838 

Analysis  Results  for  Logj  (Initial  Dioxin)*’ 

Adj.  Slope 

R^  (Std.  Eiror)*’  p-Value  Covariate  Rmarks 

0.490  -0.003  (0.025)  0.891  PERS  (p=0.089) 

BEAT  (p =0.129) 
DIABSEV  (p =0.246) 
FAST  (p<  0.001) 


®  Transformed  from  square  root  scale. 

Adjusted  for  fasting  status. 

**  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  fasting  stams. 

**  Slope  and  standard  error  based  on  square  root  of  serum  proinsulin  versus  logj  (initial  dioxin). 

*  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  18-55.  (Continued) 

Analysis  of  Serum  Proinsulin  (ng/ml)  (Diabetics) 
(Continuous) 


e)  MODEL  3;  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNAIXIUSTED 

Diffwence  of  Adj. 


Dioxin  Category 

n 

Mean* 

Adj, 

Mean“ 

Mean  vs.  Comparisons 
(95%  C.L)'* 

p-Value' 

Comparison 

143 

0.859 

0.847 

Background  RH 

39 

0.624 

0.690 

-0.157  - 

0.278 

LowRH 

46 

0.791 

0.794 

-0.053  - 

0.699 

High  RH 

45 

0.847 

0.822 

-0.024  - 

0.862 

Low  plus  High  RH 

91 

0.819 

0.808 

-0.039  - 

0.722 

f)  model  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

Difference  of  Adj*  : 

Dioxin  G^^ory 

^  ::A<ij.  ■;? 

;:Mean®t;;, 

Mean  vs.  Comparisons 
C.I.)** 

p-Value® 

Coyariate  Remarks 

Comparison 

143 

0.738 

RACE  (p  =0.003) 

PERS  (p =0.026) 

Background  RH 

36 

0.689 

-0.049  - 

0.723 

BFAT*DIABSEV  (p<  0.001) 
FAMDIAB*DIABSEV 

Low  RH 

45 

0.692 

-0.046  ~ 

0.709 

(p=0.007) 

HighRH 

44 

0.790 

0.052  - 

0.688 

Low  plus  High  RH 

89 

0.740 

0.001  - 

0.988 

^  Transformed  from  square  root  scale. 

Adjusted  for  fasting  status. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  fasting  status. 

‘‘  Difference  of  adjusted  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of 
adjusted  means  not  presented  because  analysis  was  performed  on  square  root  scale. 

®  P-value  is  based  on  difference  of  means  on  square  root  scale. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note;  RH  =  Ranch  Hand. 

Conq>arison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand);  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand);  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand);  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  18-55.  (Continued) 

Analysis  of  Serum  Proinsulin  (ng/ml)  (Diabetics) 
(Continuous) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DiOXiN  -  UNADJUSTED 


ModeP 

Low 

Current  Dioxin  Category 
Mean^/{n) 

Medium 

High 

R* 

Analysis  Results  for  Log2 
(CuiToit  Dioxin  +  1) 

Slope 

(Std.  Error)*^  p-Value 

4 

0.604 

(26) 

0.712 

(52) 

0.930 

(52) 

0.363 

0.032  (0.020) 

0.113 

5 

0.558 

(24) 

0.720 

(50) 

0.927 

(56) 

0.370 

0.033  (0.016) 

0.047 

6<= 

0.605 

(24) 

0.736 

(50) 

0.888 

(56) 

0.382 

0.020  (0.018) 

0.288 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  —  CURRENT  DIOXIN  —  ADJUSTED 


Model" 

Curroit  Dioxin  Category 
Adjusted  Mean^/(n) 

Low  Medium  High 

R^ 

Analysis  Results  for  Log2 
+ 1) 

Adj.  Slope 

(Std.  Error)*^  p-Value  Covariate  Remarks 

4 

0.717 

(26) 

0.785 

(52) 

0.893 

(52) 

0.463 

0.004 

(0.021) 

0.854 

PERS  (p =0.035) 

BEAT  (p  <0.001) 

FAST  (p  <0.001) 
DIABSEV  (p=0.178) 

5 

0.671 

(24) 

0.772 

(50) 

0.912 

(56) 

0.464 

0.011 

(0.017) 

0.529 

PERS  (p =0.034) 

BFAT  (p=0.001) 

FAST  (p  <0.001) 
DIABSEV  (p =0.213) 

6f 

0.719 

(24) 

■  0.787 
(50) 

0.867 

(56) 

0.479 

-0.006 

(0.019) 

0.775 

PERS  (p =0.023) 

BFAT  (p  =0.001) 

FAST  (p  <0.001) 
DIABSEV  (p=0.176) 

^  Transformed  from  square  root  scale. 

^  Adjusted  for  fasting  status. 

^  Model  4:  Log2  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Log2  (whole-weight  current  dioxin  +  1). 

Model  6:  Log2  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

^  Slope  and  standard  error  based  on  square  root  of  serum  proinsulin  versus  log2  (current  dioxin  +  1). 
®  Adjusted  for  log2  total  lipids. 

^  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  imder  ”Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20,5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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Table  18-56. 

Analysis  of  Serum  Proinsulin  (Diabetics) 
(Discrete) 


a)  MODEL  1:  RANCH  HAJSDS  VS.  COMPARISONS  —  UNADJUSTED 

Perc«it 


Occupational  Category 

Group 

n 

Abnonnai 

High 

Est.  Rdative  Risk 
(95%C.I.) 

p-Value 

All 

Ranch  Hand 

134 

41.0 

0.93  (0.59,1.47) 

0.851 

Comparison 

173 

42.8 

Officer 

Ranch  Hand 

52 

36.5 

0.74  (0.34,1.59) 

0.560 

Comparison 

57 

43.9 

Enlisted  Flyer 

Ranch  Hand 

23 

39.1 

0.86  (0.29,2.50) 

0.993 

Comparison 

35 

42.9 

Enlisted  Groundcrew 

Ranch  Hand 

59 

45.8 

1.17  (0.59,2.29) 

0.784 

Comparison 

81 

42.0 

b)  MODEL  1:  RANCH 

Occupational  Cat^ory 

Adj.  Relative  Ri 
(95%C.L) 

sk 

Govariate  Remariis^ 

All 

0.79  (0.47,1.33) 

0.368 

RACE  (p =0.065) 
DIABSEV  (p  <0.001) 

Officer 

0.78  (0.33,1.89) 

0.588 

Enlisted  Flyer 

0.45  (0.13,1.55) 

0.204 

Enlisted  Groundcrew 

1.03  (0.48,2.21) 

0.938 

*  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  18-56.  (Continued) 
Analysis  of  Serum  Proinsulin  (Diabetics) 
(Discrete) 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Initial  Dioxin)^ 

Initial  Dioxin 

n 

Percent 

Abnormal 

High 

Estimated  Rdatire  Risk 
(95%C.L)^ 

••-p-Value 

Low 

29 

31.0 

1.09  (0.81,1.46) 

0.556 

Medium 

29 

55.2 

High 

33 

51.5 

d)  MODEL  2;  RANCH  HANDS  -  INITIAL  DIOXIN  - 

ADJUSTED 

Analysis  Results  for  Log2  (Initial  Dioxin)^ 

n 

Adj.  Relative  Wsk  (95%  C.!.)**  p-Value 

Covariate  Remarks 

91 

1.26  (0.79,1.99)  0.317 

AGE(p=0.116) 
DIABSEV  (p  =0.106) 
OCC*BFAT  (p =0.0 16) 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Lx)w  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  18-56.  (Continued) 
Analysis  of  Serum  Proinsulin  (Diabetics) 
(Discrete) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  UNADJUSTED 


Dioxin  Category 

n 

Percent 

Abnormal  IBgh 

Est.  Relative  Risk 
(95%  C.!.)"* 

p-Value 

Comparison 

143 

44.1 

Backgrotmd  RH 

39 

28.2 

0.61  (0.27,1.35) 

0.219 

Low  RH 

46 

43.5 

0.99  (0.50,1.95) 

0.965 

High  RH 

45 

48.9 

1.17  (0.59,2.32) 

0.656 

Low  plus  High  RH 

91 

46.2 

1.07  (0.63,1.84) 

0.800 

f)  MODEL  3;  RANCH  HANDS  AND  COMPARISONS  BY  mQXIN  CATEGORY  —  ADJUSTED 

■  Adj.  Relative;IUsk"^:':;,;.;,%^^ 


IHoxin  Cat^ot7 

n 

(95%C.L)^ 

Comparison 

143 

RACE  (p =0.023) 

DIABSEV  (p  <0.001) 

Background  RH 

39 

0.57  (0.24,1.40) 

0.221 

LowRH 

46 

0.99  (0.46,2.12) 

0.979 

High  RH 

45 

0.82  (0.36,1.83) 

0.617 

Low  plus  High  RH 

91 

0.91  (0.49,1.68) 

0.749 

“  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Backgrotmd  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Chirrent  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  18-56.  (Continued) 
Analysis  of  Serum  Proinsulin  (Diabetics) 
(Discrete) 


ModeP 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  UNADJUSTED 


Current  Dioxin  Cat^ory 
Percent  Abnormal  EBgh/(n) 

Low  Medium  High 


26.9  36.5  51.9 

(26)  (52)  (52) 

25.0  32.0  55.4 

(24)  (50)  (56) 

25.0  32.0  55.4 

(24)  (50)  (56) 


h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  —  CURRENT  DIOXIN  —  ADJUSTED 


Model® 


Analysis  Results  for  Log2  (Current  Dioxin  4-  1) 
Adj.  Relative  Risk 

■n  (95%  C.!.)**  p-Value 


125  ****  ****  CURR*OC 


Covariate  Rematks 


CURR*OCC  (p=0.001) 
DIABSEV  (p=0.003) 
AGE*OCC  (p =0.008) 
RACE*BFAT  (p  =0.01 9) 
FAMDIAB*BFAT  (p =0.006) 
CURR*OCC  (p  <0.001) 
BFAT  (p =0.066) 
DIABSEV  (p =0.006) 
AGE*OCC  (p =0.002) 
CURR*OCC  (p  <0.001) 
CURR*DIABSEV  (p =0.041) 
RACE  (p=0.075) 
AGE*OCC  (p  <0.001) 
PERS*BFAT  (p  =0.049) 


®  Model  4:  Logj  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Logj  (whole-weight  current  dioxin  -I-  1). 

Model  6:  Logj  (whole-weight  current  dioxin  -I-  1),  adjusted  for  log2  total  lipids. 

**  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

'  Adjusted  for  log2  total  lipids. 

^  Adjusted  for  logj  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

****  Log2  (current  dioxin  -I-  l)-by-covariate  interaction  (p<0.01);  adjusted  relative  risk,  confidence  interval, 
and  p-value  not  presented;  refer  to  Appendix  Table  N-2-31  for  further  analysis  of  this  interaction. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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Table  18-57. 

Analysis  of  Serum  C  Peptide  (ng/ml)  (Diabetics) 
(Continuous) 


a)  MODEL  1:  RANCH  HANDS  vs.  COMPARISONS —  UNADJUSTED 

Occupational 

Category 

Group 

n 

Mean^ 

Difference  of  Means 
(95%  C  .L) 

p-Value 

All 

Ranch  Hand 

134 

9.39 

0.68  (-0.31,1.67) 

0.180 

Comparison 

173 

8.71 

Officer 

Ranch  Hand 

52 

9.32 

0.31  (-1.35,1.97) 

0.712 

Comparison 

57 

9.01 

Enlisted  Flyer 

Ranch  Hand 

23 

8.83 

0.76  (-1.57,3.08) 

0.523 

Comparison 

35 

8.07 

Enlisted  Groundcrew 

Ranch  Hand 

59 

9.66 

0.89  (-0.59,2.37) 

0.237 

Comparison 

81 

8.77 

b)  MODEL  1; 

RANCH  HANDS  VS.  COMPARISONS  —  ADJUSTED 

Occupational 

Category 

Group 

n 

Adj. 

Mean 

Difference  of  Adj. 
Mean  (95%  C.I.) 

p-Value 

Covariate  Remarks*’ 

All 

Ranch  Hand 

134 

7.57 

0.85  (-0.09,1.78) 

0.077 

RACE  (p  <0.001) 

Comparison 

173 

6.72 

BFAT  (p<  0.001) 

DIABSEV  (p =0.007) 

Officer 

Ranch  Hand 

52 

7.36 

0.42  (-1.16,1.20) 

0.604 

FAST  (p  <0.001) 

Comparison 

57 

6.94 

Enlisted  Flyer 

Ranch  Hand 

23 

7.39 

0.78  (-1.41,2.98) 

0.484 

Comparison 

35 

6.61 

Enlisted 

Ranch  Hand 

59 

7.84 

1.20  (-0.19,2.60) 

0.092 

Groundcrew 

Comparison 

81 

6.64 

^  Adjusted  for  fasting  status. 

^  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  18-57.  (Continued) 

Analysis  of  Serum  C  Peptide  (ng/ml)  (Diabetics) 
(Continuous) 


c)  MODEL  2:  RANCH  -  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

A:naiysis  Results  for  Log2  (Initial  Dioxin)’’ 

Initial  Dioxin 

n 

Mean® 

Adj. 

Mean’’ 

R" 

Slope 

(Std.  Error) 

p-Valne 

Low 

29 

10.25 

10.33 

0.636 

-0.469  (0.309) 

0.133 

Medium 

29 

10.06 

9.94 

High 

33 

9.15 

9.06 

d)  MODEL  2;  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 


Initial  DdoHn  Categoiy  Sum^^ 
Statistics 

Initial  Dioxin  n 

Analysis  Results  for  Ix>g2  (Initio 

Adj.  Slope 

R^  (Std. 

Low 

29 

8.36 

0.673  -0.569 

0.069 

RACE  (p=0.044) 

(0.309) 

DIABSEV  (p =0.128) 

Medium 

29 

8.42 

FAST  (p<  0.001) 

High 

33 

6.91 

^  Adjusted  for  fasting  status. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  fasting  status. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  18-57.  (Continued) 

Analysis  of  Serum  C  Peptide  (ng/ml)  (Diabetics) 
(Continuous) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

UNADJUSTED 

Dioxin  Category 

n 

Mean® 

Adj. 

Mean'’ 

Diffwence  of  Adj. 

Mean  vs.  Comparisons 
(95%  C.I.) 

p-Value 

Comparison 

143 

8.68 

8.62 

Background  RH 

39 

8.40 

8.66 

0.04  (-1.55,1.63) 

0.962 

LowRH 

46 

10.36 

10.40 

1.78  (0.32,3.23) 

0.017 

High  RH 

45 

9.03 

8.95 

0.32  (-1.15,1.80) 

0.668 

Low  plus  High  RH 

91 

9.70 

9.68 

1.06  (-0.10,2.21) 

0.073 

f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY 

blOXESf  CATEGORY  —  ADJUSTED 

Difference  of  Adj.  i: 

Mean  vs.  Comparisons 


Dioxin  Category 

n 

Mean*’ 

(95%C.I.) 

p-Value 

Govariate  Remarks 

Comparison 

143 

6.34** 

-0.05  (-1.69,1.58)** 

0.948** 

DXCAT*OCC  (p=0.023) 
RACE  (p  <0.001) 

BEAT  (p =0.044) 

Background  RH 

36 

6.28** 

FAMDIAB  (p=0.078) 

Low  RH 

45 

8.28** 

1.94  (0.53,3.37)** 

0.008** 

DIABSEV  (p=0.031) 

High  RH 

44 

6.75** 

0.42  (-1.06,1.90)** 

0.579** 

FAST  (p  <0.001) 

Low  plus  High  RH 

89 

7.53** 

1.19  (0.07,2.31)** 

0.038** 

*  Adjusted  for  fasting  status. 

*’  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  fasting  status. 

=  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  tme  of  duty  in 
SEA  to  the  Hatp  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Categorized  dioxin-by-covariate  interaction  (0.01  <p<0.05);  adjusted  mean,  difference  of  adjusted  means, 
confidence  interval,  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix 
Table  N-2-32  for  further  analysis  of  this  interaction. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  18-57.  (Continued) 

Analysis  of  Serum  C  Peptide  (ng/ml)  (Diabetics) 
(Continuous) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  —  CURRENT  DIOXIN  —  UNADJUSTED 


Current  Dioxin  Cat^ory 
Mean**/(n) 

Analysis  Results  for  Logj 
(Cunrent  Dioxin  +1) 

ModeP 

Low 

Medium 

High 

R^ 

Slope 

(Std.  Error) 

p-Value 

4 

8.24 

9.92 

9.45 

0.617 

0.140  (0.240) 

0.561 

(26) 

(52) 

(52) 

5 

8.11 

10.11 

9.31 

0.617 

0.138  (0.200) 

0.489 

(24) 

(50) 

(56) 

6^ 

7.98 

10.07 

9.40 

0.618 

0.188  (0.226) 

0.408 

(24) 

(50) 

(56) 

h)  MODELS  AM)  6:  Rj^^  HANDS  —  CURRENT  IHOJON  -  ADJUSTED 


Current  Dioxin  Category 
Adjusted  Mean/(n) 

Analysis  Results  for  Logj 

ModeP 

Low 

Medium 

High 

R^ 

AdJ.  Slope 
(Std.  Error) 

p-Value 

Covaiiate  Remarks 

4 

7.39 

(24) 

8.22 

(51) 

7.63 

(50) 

0.689 

-0.234  (0.255) 

0.360 

RACE  (p=0.071) 

BEAT  (p=0.002) 
FAMDIAB  (p =0.124) 
DIABSEV  (p =0.006) 

FAST  (p <0.001) 

5 

7.59 

(22) 

8.28 

(49) 

7.47 

(54) 

0.690 

-0.212  (0.212) 

0.319 

RACE  (p =0.069) 

BEAT  (p=0.001) 
FAMDIAB  (p =0.126) 
DIABSEV  (p =0.006) 

FAST  (p <0.001) 

6“ 

7.20 

(22) 

8.13 

(49) 

7.65 

(54) 

0.691 

-0.125  (0.241) 

0.605 

RACE  (p =0.063) 

BEAT  (p=0.001) 
FAMDIAB  (p  =0.127) 
DIABSEV  (p  =0.006) 

FAST  (p <0.001) 

^  Model  4:  Log2  (lipid-adjusted  current  dioxin  +1). 

Model  5:  Log2  (whole-weight  current  dioxin  +1). 

Model  6:  Log2  (whole-weight  current  dioxin  +1),  adjusted  for  log2  total  lipids. 

^  Adjusted  for  fasting  status. 

^  Adjusted  for  log2  total  lipids. 

^  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Lxiw  =  <8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 


18-291 


18-57(b):  p=0.077,  Diff.  of  Adj.  Means=0.85  and  p=0.092,  Diff.  of  Adj.  Means=1.20 
respectively).  Adjusted  contrasts  within  the  officer  and  enlisted  flyer  strata  remained 
nonsignificant  (p>0.48  for  each  contrast). 

Unadjusted  analysis  of  continuous  serum  C  peptide  was  not  significant  for  Model  2 
(Table  18-57(c):  p=0.133,  Est.  Slope=-0.469).  Results  were  marginally  significant  after 
adjustment  for  race,  diabetic  severity,  and  fasting  status  (Table  18-57(d):  p=0.069,  Adj. 
Slope=-0.569). 

A  significant  difference  in  adjusted  means  from  the  low  Ranch  Hand  and  Comparison 
categories  was  revealed  in  the  Model  3  imadjusted  analysis  (Table  18-57(e):  p=0.017,  Diff.  of 
Adj.  Mean=1.78).  The  low  Ranch  Hand  and  Comparison  adjusted  means  were  10.40  and  8.62 
ng/ml  respectively.  A  difference  of  adjusted  means  was  marginally  significant  for  the  low 
plus  high  Ranch  Hand  versus  Comparison  imadjusted  contrast  (Table  18-57(e):  p=0.073,  Diff. 
of  Adj.  Mean=1.06).  The  adjusted  mean  for  the  low  plus  high  stratum  was  9.68  ng/ml. 

Similar  results  were  reflected  in  the  adjusted  analysis,  except  that  the  low  plus  high  Ranch 
Hand  contrast  became  significant  (Table  18-57(f);  p=0.008,  Diff.  of  Adj.  Mean=1.94  and 
p=0.038,  Diff  of  Adj.  Means  =1.19  respectively  for  the  low  Ranch  Hand  contrast  and  the  low 
plus  high  Ranch  Hand  contrast).  The  remaining  Model  3  contrasts  were  nonsignificant  for 
both  the  unadjusted  and  adjusted  analyses  (Table  18-57(e,f):  p>0.57  for  all  remaining 
contrasts).  There  was  a  significant  interaction  between  categorized  dioxin  and  occupation 
(p=0.023).  Table  N-2-32  presents  results  stratified  by  occupation.  Adjusted  results  are  based 
on  the  final  model  after  deletion  of  the  interaction.  Race,  body  fat,  family  history  of  diabetes, 
diabetic  severity,  and  fasting  status  were  also  significant  covariates  in  Model  3. 

All  tests  of  association  between  current  dioxin  and  continuous  serum  C  peptide  were 
nonsignificant  for  the  Models  4,  5,  and  6,  unadjusted  and  adjusted  analyses  (Table  18-57(g,h): 
p>0.31  for  each  analysis).  Each  final  adjusted  model  adjusted  for  race,  body  fat,  family 
history  of  diabetes,  diabetic  severity,  and  fasting  status. 

Serum  C  Peptide  (Discrete) 

Model  1  analysis  of  discrete  serum  C  peptide  exhibited  no  significant  difference  between 
Ranch  Hands  and  Comparisons  for  all  unadjusted  and  adjusted  contrasts  (Table  18-58(a,b): 
p>0.25  for  each  contrast).  Age,  diabetic  severity,  and  the  personality  type-by-family  history 
of  diabetes  and  the  family  history  of  diabetes-by-body  fat  interactions  were  significant 
covariates  in  the  final  adjusted  model. 

Model  2  analyses  of  discrete  serum  C  peptide  also  were  nonsignificant  for  both  the 
unadjusted  and  adjusted  models  (Table  18-58(c,d):  p>0.13  for  both  analyses).  The  adjusted 
analysis  retained  race,  body  fat,  and  the  personality  type-by-family  history  of  diabetes  and  the 
personality  type-by-diabetic  severity  interactions  in  the  final  adjusted  model.  After  exclusion 
of  body  fat  from  the  adjusted  model,  results  became  marginally  significant  (Table  N-3-42(a): 
p=0.099,  Adj.  RR=0.73). 

Each  difference  examined  between  Ranch  Hands  and  Comparisons  was  found  to  be 
nonsignificant  in  the  Model  3  unadjusted  analysis  of  discrete  serum  C  peptide  (Table 
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Table  18-58. 

Analysis  of  Serum  C  Peptide  (Diabetics) 
(Discrete) 


a)  MODEL  1;  RANCH  HANDS  VS.  COMPASISONS  -  IMAPJUSTED 

Percent 


Occupational  Category 

.  Group 

n 

Abnormal 

High 

Est.  Rdative  Risk 

■te;:yv-(95%C.L).  ■ 

p-Value 

All 

Ranch  Hand 

134 

61.2 

1.00  (0.63,1.59) 

0.999 

Comparison 

173 

61.3 

Officer 

Ranch  Hand 

52 

63.5 

0.94  (0.43,2.06) 

0.999 

Comparison 

57 

64.9 

Enlisted  Flyer 

Ranch  Hand 

23 

56.5 

1.09  (0.38,3.16) 

0.999 

Comparison 

35 

54.3 

Enlisted  Groundcrew 

Ranch  Hand 

59 

61.0 

0.97  (0.49,1.93) 

0.999 

Comparison 

81 

61.7 

b)  MODEL  1;  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 
Adj.  Relative  Risk 


Occupational  Categoiy 

(95%  C.I.) 

p-Vahie 

Covariate  Remarks^ 

All 

1.39  (0.78,2.48) 

0.259 

AGE  (p=0.043) 

Officer 

1.17  (0.44,3.11) 

0.752 

DIABSEV  (p  <0.001) 
PERS*FAMDIAB  (p =0.028) 

Enlisted  Flyer 

1.48  (0.39,5.63) 

0.565 

FAMDIAB^BFAT  (p=0.001) 

Enlisted  Groundcrew 

1.50  (0.64,3.53) 

0.348 

“  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  18-58.  (Continued) 
Analysis  of  Serum  C  Peptide  (Diabetics) 
(Discrete) 


c)  MODEL  2;  RANCH  HANDS  —  INITIAL  DIOXIN  —  I3NAD3USTED 


Initial  IMoxin  Category  Summary  Statistics 

Analysis  Results  for  Log^  (Initial  Dioxin)® 

Initial  Dioxin 

n 

Percent 

Abnormal 

High 

Estimated  Relative  Risk 
(95%  C.L)^ 

p-Va!ue 

Low 

29 

69.0 

0.79  (0.56,1.09) 

0.140 

Medium 

29 

69.0 

High 

33 

48.5 

d)  MODEL  2:  RANCH  HANDS 

-  INITIAL  DIOXIN  - 

ADJUSlEb 

Analysis  Results  for  Logi  (Initial  Dioxin)^ 

n 

Adj.  Relative  Risk  (95%  C.L)** 

p-Value 

Gpvariate  Remaite 

89 

0.74  (0.48,1.12) 

0.138 

RACE  (p =0.103) 

BEAT  (p =0.006) 
PERS*FAMDIAB  (p  <0.001) 
PERS*DIABSEV  (p =0.040) 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  lx)w  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  18-58.  (Continued) 
Analysis  of  Serum  C  Peptide  (Diabetics) 
(Discrete) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


Dioxin  Category 

n 

Percent 

Abnormal  High 

Est.  Rdative  Risk 

X95%  C.L)* 

p-Value 

Comparison 

143 

63.6 

Background  RH 

39 

56.4 

0.82  (0.38,1.74) 

0.597 

LowRH 

46 

69.6 

1.47  (0.70,3.08) 

0.308 

HighRH 

45 

53.3 

0.65  (0.32,1.31) 

0.228 

Low  plus  High  RH 

91 

61.5 

0.97  (0.55,1.70) 

0.914 

f)  MODEL  3: 

RANCH  HANDS  AND  COMIV)RISONS  BY  DIOXIN  CATEGORY  —  ADJUSTED 

Adj.  Relative  Risk 

Dioxin  Category 

n 

(95%  GJ.)“ 

p-Value 

Comparison 

143 

DXCAT*AGE  (p  <0.001) 
AGE*DIABSEV  (p<0.001) 

Background  RH 

39 

OCC*BFAT  (p  <0.001) 
PERS*BFAT  (p =0.025) 

Low  RH 

46 

HighRH 

45 

Low  plus  High  RH 

91 

*  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

****  Categorized  dioxin-by-covariate  interaction  (p<0.01);  adjusted  relative  risk,  confidence  interval,  and 
p-value  not  presented;  refer  to  Appendix  Table  N-2-33  for  further  analysis  of  this  interaction. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  18-58.  (Continued) 
Analysis  of  Serum  C  Peptide  (Diabetics) 
(Discrete) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  UNADJUSTED 


Current  Dioxin  Cat^ory 

Percent  Abnormal  Higb/(n) 

Analysis  Results  for  Log 
(Current  Dioxin  -1-  I) 

2  .  . 

Est.  Relative  Risk 

Low 

Medium 

High 

(95%  C.!.)” 

p-Value 

4 

57.7 

65.4 

55.8 

0.96  (0.77,1.21) 

0.731 

(26) 

(52) 

(52) 

5 

54.2 

66.0 

57.1 

0.98  (0.81,1.19) 

0.860 

(24) 

(50) 

(56) 

6= 

54.2 

66.0 

57.1 

1.01  (0.82,1.26) 

0.909 

(24) 

(50) 

(56) 

h)  MODELS  4,  S,  AND  6:  RANCH  HANDS—  CURRtKT  DIOXIN  —  ADJUSTED 


Analysis  Results  for  I^g2  (CuiTent  D^ 

Model* 

n 

Adj.  Relative  Risk 
:  (95%  C-l.)'’ 

p-Value 

Covariate  Remaite 

4 

125 

0.75  (0.53,1.08) 

0.111 

RACE  (p =0.050) 

BEAT  (p <0.001) 

DIABSEV  (p  <0.001) 

OCC*PERS  (p=0.030) 
PERS*FAMDIAB  (p =0.008) 

5 

125 

0.79  (0.59,1.06)** 

0.118** 

CURR*AGE  (p=0.026) 
CURR*DIABSEV  (p =0.007) 

RACE  (p =0.084) 

BEAT  (p  <0.001) 

OCC*PERS  (p=0.034) 
PERS*FAMDIAB  (p =0.006) 

6*' 

125 

0.84  (0.60,1.17)** 

0.296** 

CURR*AGE  (p=0.029) 
CURR*D1ABSEV  (p =0.008) 

RACE  (p =0.084) 

BEAT  (p  <0.001) 

OCC*PERS  (p=0.035) 
PERS*EAMDIAB  (p =0.006) 

®  Model  4:  Logj  (lipid-adjusted  current  dioxin  -I-  1). 

Model  5:  Log2  (whole-weight  current  dioxin  -I-  1). 

Model  6:  Log2  (whole-weight  current  dioxin  -1-1),  adjusted  for  log2  total  lipids. 

Relative  risk  for  a  twofold  increase  in  current  dioxin. 

Adjusted  for  log2  total  lipids. 

**  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "^Covariate  Remarks"  column. 

**  Log2  (current  dioxin  +  l)-by-covariate  interaction  (0.01  <p<0.05);  adjusted  relative  risk,  confidence 
interval,  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table 
N-2-33  for  further  analysis  of  this  interaction. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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18-58(e):  p>0.22  for  each  contrast).  Adjusted  Model  3  results  revealed  a  significant 
interaction  between  categorized  dioxin  and  age.  Results  stratified  by  each  age  category  are 
presented  in  Table  N-2-33.  Other  significant  covariates  in  the  final  adjusted  model  were  the 
age-by-diabetic  severity,  the  occupation-by-body  fat,  and  the  personality  type-by-body  fat 
interactions.  After  body  fat  was  deleted  from  Ae  final  model,  the  contrast  involving  younger 
backgroxmd  Ranch  Hands  and  Comparisons  became  significant  (Appendix  Table  N-4-14: 
p=0.042,  Adj.  RR=0.08)  whereas  the  contrast  involving  older  low  Ranch  Hands  and 
Comparisons  became  nonsignificant  (p=0.205). 

All  results  from  the  analysis  of  discrete  serum  C  peptide  from  Models  4,  5,  and  6  were 
nonsignificant  (Table  18-58(g,h):  p>0.11  for  both  unadjusted  and  adjusted  analyses).  Each 
adjusted  model  retained  race,  body  fat,  and  the  occupation-by-personality  type  and  personality 
type-by-family  history  of  diabetes  interactions  in  the  final  model.  Model  4  additionally 
adjusted  for  diabetic  severity  and  Models  5  and  6  each  additionally  adjusted  for  the  current 
dioxin-by-age  (p=0.026  for  Model  5  and  p=0.029  for  Model  6)  and  current  dioxin-by-diabetic 
severity  interactions  (p=0.007  for  Model  5  and  p=0.008  for  Model  6).  Adjusted  results  for 
Models  5  and  6  are  based  on  the  final  model  after  deletion  of  the  aforementioned  interactions. 
Results  stratified  by  age  and  by  diabetic  severity  are  presented  in  Table  N-2-33.  For  Model  5, 
excluding  occupation  and  body  fat  from  the  final  analysis  caused  the  association  with  current 
dioxin  to  become  nonsignificant  in  the  diabetic  severity  category  of  no  treatment  or  diet  only 
(Appendix  Table  N-4-14:  p=0.154).  Additionally,  for  Model  6,  the  relative  risk  for  the  no 
treatment  or  diet  only  category  became  nonsignificant  (Appendix  Table  N-4-14:  p=0.269), 
and  the  relative  risk  for  the  oral  hypoglycemic  or  insulin  dependent  category  became 
marginally  significant  (p=0.098,  Adj.  RR=1.42)  after  occupation  and  body  fat  were  removed. 

Total  Testosterone  (Continuous) 

An  overall  difference  between  Ranch  Hands  and  Comparisons  was  not  evident  in  the 
Model  1  unadjusted  analysis  of  total  testosterone  measured  continuously  (Table  18-59: 
p=0.108).  However,  when  investigated  within  the  levels  of  occupation.  Ranch  Hands  in  the 
enlisted  flyer  category  had  a  marginally  greater  mean  level  of  total  testosterone  than 
Comparisons  (p=0.055,  Diff  of  Means=38.03).  Mean  total  testosterone  for  Ranch  Hands  in 
the  enlisted  flyer  category  was  526.7  ng/dl  in  contrast  to  488.71  ng/dl  for  Comparisons. 

Other  contrasts  were  nonsignificant  (p>0.27  for  the  remaining  contrasts).  Adjusting  for 
covariate  information  revealed  a  significant  group-by-age  interaction  (Table  18-59(b): 
p=0.039).  When  this  interaction  was  removed  from  the  final  model,  a  significant  difference 
in  mean  total  testosterone  was  again  revealed  for  Ranch  Hands  (528.0  ng/dl)  versus 
Comparisons  (490.3  ng/dl)  in  the  enlisted  flyer  category  (p=0.038,  Diff  of  Adj.  Means=37.7). 
Appendix  Table  N-2-34  presents  stratified  results  of  the  group-by-age  interaction.  In  the 
adjusted  analysis,  other  significant  covariates  included  body  fat  and  occupation. 

The  imadjusted  analysis  for  Model  2  did  not  show  a  significant  relationship  between 
initial  dioxin  and  total  testosterone  in  its  continuous  form  (Table  18-59(c):  p=0.825). 
Adjusting  for  covariates  revealed  a  significant  interaction  between  initial  dioxin  and 
personality  type  (Table  18-59(d):  p=0.036).  After  removal  of  the  interaction  from  the  final 
model,  the  adjusted  results  for  Model  2  were  nonsignificant  (p=0.200).  Stratified  results  of 


18-297 


Table  18-59. 

Analysis  of  Total  Testosterone  (ng/dl) 
(Continuous) 


,  a)  MODEL  !:  RANCH  HANDS  VS. 

COMPARISONS  —  11NADJUS3E:D 

Occupational 

Category 

Group 

n 

Mean^ 

Difference  of  Means 
^  C.I.)'’ 

p-Value*^ 

All 

Ranch  Hand 

936 

510.7 

12.7- 

0.108 

Comparison 

1,271 

498.0 

Officer 

Ranch  Hand 

357 

497.4 

12.9  - 

0.277 

Comparison 

500 

484.5 

Enlisted  Flyer 

Ranch  Hand 

161 

526.7 

38.0  - 

0.055 

Comparison 

200 

488.7 

Enlisted  Groundcrew 

Ranch  Hand 

418 

516.1 

2.7  - 

0.829 

Comparison 

571 

513.4 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  ADJUSITD 


Occupational 

Adj. 

Difference  of  Adj . 

Category 

Group 

u 

Mean^ 

Means  (95%  C.I.)** 

p-Value' 

Covariate  Remarks^^ 

All 

Ranch  Hand 

936 

510.0 

11.1  -** 

0.131** 

GROUP*AGE  (p  =0.039) 

Comparison 

1,271 

498.9 

16.5  -** 

0.159** 

BFAT  (p <0.001) 
OCC  (p=0.081) 

Officer 

Ranch  Hand 

357 

502.3 

Comparison 

500 

485.9 

Enlisted  Flyer 

Ranch  Hand 

161 

528.0 

37.7  -** 

0.038** 

Comparison 

200 

490.3 

Enlisted 

Ranch  Hand 

418 

509.5 

-3.5  — ** 

0.753** 

Groundcrew 

Comparison 

571 

513.0 

^  Transformed  from  the  square  root  scale. 

^  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  square  root  scale. 

^  P-values  based  on  difference  of  means  on  square  root  scale. 

^  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 

**  Group-by -CO variate  interaction  (0.01<p<0.05);  adjusted  mean,  difference  of  adjusted  means,  and  p-value 
derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  N-2-34  for  further 
analysis  of  this  interaction. 
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Table  18-59.  (Continued) 
Analysis  of  Total  Testosterone  (ng/dl) 
(Continuous) 


c)  MODEL  2;  RANCH  HANDS  —  INITIAL  DIOXIN  —  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Logj  (Initial  Dioxin)^ 

Initiai  Dioxin 

n 

Mean^ 

Adj. 

Mean^ 

R^ 

Slope 

(Std.  Error)' 

p- Value 

Low 

172 

505.9 

498.2 

0.114 

0.0286  (0.1289) 

0.825 

Medium 

170 

484.9 

482.7 

High 

173 

477.9 

487.6 

d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN—  ADJUSTED 


Initial  Dioxin  Category  Summary 
Statistics 


Adj. 

Adj.  Slope 

Initial  Dioxin 

n 

Mean®^ 

r2 

(Std.  Error)' 

p-Value 

:  Covariate  Remarks 

Low 

171 

536.0** 

0.184 

-0.1868  (0.1456)** 

0.200** 

INIT*PERS  (p=0.036) 

Medium 

170 

500.1** 

AGE  (p =0.060) 
RACE  (p  =0.057) 

High 

173 

486.1** 

BEAT  (p  <0.001) 
OCC*PERS  (p=0.006) 

^  Transformed  from  square  root  scale. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Slope  and  standard  error  based  on  square  root  of  total  testosterone  versus  log2  (initial  dioxin). 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (initial  dioxinj-by-covariate  interaction  (0.01  <p<0.05);  adjusted  mean,  adjusted  slope,  standard  error, 
and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  N-2-34  for 
further  analysis  of  this  interaction. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  18-59.  (Continued) 
Analysis  of  Total  Testosterone  (ng/dl) 
(Continuous) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADIUSTED 


Dioxin  Category 

n 

Mean^ 

AdJ. 

Mean* 

DiflTo’ence  of  Adj. 

Mean  vs.  Comparisons 

;(95%'C.L)‘=;:  " 

.  p-Value* 

Comparison 

1,056 

497.8 

498.3 

Background  RH 

364 

540.2 

521.4 

23.0  - 

0.031 

Low  RH 

256 

503.4 

510.5 

12.2  - 

0.314 

High  RH 

259 

475.9 

492.3 

-6.0  - 

0.614 

Low  plus  High  RH 

515 

489.5 

501.3 

3.0- 

0.749 

f)  MODEL  3: 

RANCH  HANDS  AND  COMPAlUSONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

Dioxin  Gat^ory 

n 

Adj. 

Mean“ 

Difference  of  Adj. 
Mean  vs.  Comparisons 
(95%  C.I.)= 

p-Value'* 

Covariate  Remarks 

Comparison 

Background  RH 

1,056 

364 

514.4 

545.9 

31.5  - 

0.004 

AGE(p<0.001) 

RACE  (p =0.054) 

OCC  (p =0.039) 

BEAT  (p <0.001) 

Low  RH 

256 

529.5 

15.1  - 

0.214 

High  RH 

259 

491.4 

-23.0  - 

0.061 

Low  plus  High  RH 

515 

510.2 

-4.2  - 

0.651 

®  Transformed  from  square  root  scale. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Difference  of  adjusted  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of 
adjusted  means  not  presented  because  analysis  was  performed  on  square  root  scale. 

^  P-value  is  based  on  difference  of  means  on  square  root  scale, 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Lx)w  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  Initial  Dioxin  >  143  ppt. 
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Table  18-59.  (Continued) 
Analysis  of  Total  Testosterone  (ng/dl) 
(Continuous) 


g)  MODELS  4,  S,  AND  6;  RANCH  HANDS  -  CURRENT  DIOXIN  -  UNADJUSTED 


Current  Dioxin  Category 
Mean^/(n) 

Analysis  Results  for  Log^ 

(Current  Dioxin  +  1) 

Low 

Medium 

IBgh 

R2 

Slope 

(Std.  Error)*^ 

p-Value 

4 

545.3 

(287) 

508.4 

(295) 

479.1 

(297) 

0.023 

-0.4277  (0.0951) 

<0.001 

5 

550.2 

(292) 

504.2 

(293) 

477.7 

(294) 

0.035 

-0.4561  (0.0811) 

<0.001 

6^ 

539.0 

(291) 

503.3 

(293) 

487.5 

(294) 

0.042 

-0.3385  (0.0870) 

<0.001 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  CURRENT  DIOXIN  -  ADJUSTED 


Gurrent  Dioxin  Category 
Adjusted  Mean^/(ii) 


Analysis  Results 
(Gurrent  Dioxin  +1) 


Model** 

Loiv 

Medium 

High 

Adj.  Slope 

-:::::s::(Std.  ^;Err<Mr)'*  . . . 

Covariate  Remarks 

4 

(287) 

**** 

(295) 

(297) 

0.161 

CURR*OCC  (p =0.007) 
BFAT  (p <0.001) 
AGE*RACE  (p =0.035) 

5 

548.9** 

(292) 

523.4** 

(293) 

493.4** 

(294) 

0.166 

-0.3396  (0.0912)** 

<0.001** 

CURR*OCC  (p=0.014) 
BFAT  (p  <0.001) 
AGE*RACE  (p =0.034) 

6= 

535.81** 

(291) 

519.10** 

(293) 

488.80** 

(294) 

0.168 

-0.2262  (0.0976)** 

0.021** 

CURR*OCC  (p =0.030) 
BFAT  (p<  0.001) 
AGE*RACE  (p =0.031) 

^  Transformed  from  square  root  scale. 

^  Model  4:  Log2  (lipid-adjusted  current  dioxin  -f  1). 

Model  5:  Log2  (whole-weight  current  dioxin  +1). 

Model  6:  Logj  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

Slope  and  standard  error  based  on  square  root  of  total  testosterone  versus  log2  (current  dioxin  +  1). 

^  Adjusted  for  log2  total  lipids. 

®  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (current  dioxin  H-  l)-by-covariate  interaction  (0.01  <p  <0.05);  adjusted  mean,  adjusted  slope,  standard 
error,  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table 
N-2-34  for  further  analysis  of  this  interaction. 

****  Log2  (current  dioxin  +  l)-by-covariate  interaction  (p<0.01);  adjusted  mean,  adjusted  slope,  standard 
error  and  p-value  not  presented;  refer  to  Appendix  Table  N-2-34  for  further  analysis  of  this  interaction. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  ==  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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the  interaction  are  presented  in  Appendix  Table  N-2-34.  Age,  race,  body  fat,  and  the 
occupation-by-personality  type  interaction  also  were  significant  in  the  final  adjusted  model. 

The  unadjusted  analysis  for  Model  3  revealed  a  significant  difference  in  total  testosterone 
means  between  the  background  Ranch  Hands  (521.4  ng/dl)  and  the  Comparisons  (498.3  ng/dl) 
(Table  18-59(e):  p=0.031).  The  adjusted  analysis  for  Model  3  also  revealed  a  significant 
difference  in  total  testosterone  means  between  the  background  Ranch  Hands  (545.9  ng/dl)  and 
the  Comparisons  (514.4  ng/dl),  as  well  as  a  difference  in  means  between  Ranch  Hands  in  the 
high  dioxin  category  (491.4  ng/dl)  and  Comparisons  (Table  18-59(f):  p=0.004  and  p=0.061 
respectively).  The  covariates  age,  race,  occupation,  and  body  fat  were  accounted  for  in  the 
final  adjusted  model.  After  the  exclusion  of  occupation  and  body  fat  from  the  final  model, 
the  contrast  between  high  Ranch  Hands  and  Comparisons  was  no  longer  significant  (Appendix 
Table  N-3-43:  p=0.290). 

The  imadjusted  analyses  for  Models  4  through  6  showed  highly  significant  negative 
relationships  between  current  dioxin  and  total  testosterone  in  its  continuous  form  (Table 
18-59(g);  Model  4:  p<0.001,  Slope=-0.4277;  Model  5:  p<0.001,  Slope=-0.4561;  and  Model 
6:  p<0.001,  Slope=-0.3385).  In  Model  4,  the  unadjusted  means  in  the  low,  medium,  and 
high  current  dioxin  categories  were  545.3,  508.4,  and  479.1  ng/dl,  for  Model  5  the  imadjusted 
means  were  550.2,  504.2,  and  477.7  ng/dl,  and  in  Model  6,  the  unadjusted  means  were  539.0, 
503.3,  and  487.5  ng/dl.  The  adjusted  analyses  of  Models  4,  5,  and  6  each  revealed  significant 
current  dioxin-by-occupation  interactions  (Table  18-59(h):  p=0.007,  p=0.014,  and  p=0.030 
respectively).  Body  fat  and  the  age-by-race  interaction  also  were  significant  in  the  final 
adjusted  model  for  each  of  Models  4  through  6.  Removing  the  current  dioxin-by-occupation 
interaction  in  Models  5  and  6  revealed  significant  negative  relationships  between  current 
dioxin  and  total  testosterone  (Table  18-59(h):  Model  5:  p<0.001,  Slope=-0.3396  and  Model 
6;  p=0.021,  Slope=-0.2262).  Stratified  analyses  were  performed  by  occupation  to  further 
investigate  the  current  dioxin-by-occupation  interactions.  These  results  are  presented  in 
Appendix  Table  N-2-34.  In  Model  4,  the  officers  and  enlisted  flyers  both  showed  significant 
decreases  in  total  testosterone  for  increeising  levels  of  current  dioxin  (Appendix  Table  N-2-34: 
Officers  p<0.001,  Slope=-0.9913  and  Enlisted  Flyers  p=0.035,  Slope=-0.6173). 

Total  Testosterone  (Discrete) 

Results  from  the  Model  1  unadjusted  discrete  analysis  of  total  testosterone  were 
nonsignificant  (Table  18-60:  p>0.48  for  all  contrasts).  Two  significant  group  interactions 
involving  race  and  personality  type  were  revealed  after  adjustment  was  made  for  covariates 
(Table  18-60(b):  p=0.040  and  p=0.002  respectively).  Deleting  these  interactions  from  the 
final  model  did  not  lead  to  significant  differences  between  Ranch  Hands  and  Comparisons 
(p>0.20  for  all  contrasts).  The  group-by-race  and  group-by-personality  type  interactions  were 
analyzed  for  significant  differences  between  Ranch  Hands  and  Comparisons  within  each 
stratum,  and  results  are  shown  in  Appendix  Table  N-2-35.  Age  and  body  fat  also  were 
retained  in  the  adjusted  analysis. 

The  unadjusted  analyses  for  Models  2  and  3  did  not  reveal  any  significant  relationships 
between  discretized  total  testosterone  and  dioxin  (Table  18-60(c,e):  p>0.28  for  the  unadjusted 
analyses).  The  adjusted  analysis  for  Model  2  revealed  a  significant  initial  dioxin-by- 
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Table  18-60. 


Analysis  of  Total  Testosterone 
(Discrete) 

a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 

-UNADJUSTED 

Occupational  Category 

Group 

n 

Percent 

Abnormal 

Low 

Est.  Rdative  Risk 
(95%  C.L) 

p-Value 

All 

Ranch  Hand 

936 

4.6 

0.85  (0.58,1.26) 

0.481 

Comparison 

1,271 

5.4 

Officer 

Ranch  Hand 

357 

4.8 

1.04  (0.55,1.97) 

0.999 

Comparison 

500 

4.6 

Enlisted  Flyer 

Ranch  Hand 

161 

3.7 

0.67  (0.24,1.84) 

0.589 

Comparison 

200 

5.5 

Enlisted  Groundcrew 

Ranch  Hand 

418 

4.8 

0.79  (0.45,1.40) 

0.510 

Comparison 

571 

6.0 

b)  MODEL  1:  RANCH  HANDS  VS. 

COMPARISONS  -  ADJUSTED 

Adj.  Relative  Risk 

Occupational  Cat^ory 

(95%  C.L) 

p*Value 

Covariate  Remarks^ 

All 

0.83  (0.55,1.25)** 

0.374** 

GROUP*RACE  (p =0.040) 

Officer 

0.99  (0.51,1.93)** 

0.973** 

GROUP*PERS  (p=0.002) 
AGE  (p=0.028) 

Enlisted  Flyer 

0.50  (0.17,1.45)** 

0.202** 

BFAT  (p  <0.001) 

Enlisted  Groundcrew 

0.82  (0.45,1.49)** 

0.514** 

^  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 

**  Group-by-covariate  interactions  (0.01  <p<0.05);  adjusted  relative  risk,  confidence  interval,  and  p-value 
derived  from  a  model  fitted  after  deletion  of  these  interactions;  refer  to  Appendix  Table  N-2-35  for  further 
analysis  of  these  interactions. 
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Table  18-60.  (Continued) 
Analysis  of  Total  Testosterone 
(Discrete) 


c)  MODEL  2:  RANCH  HAJ^  —  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  hogi  (Initial  pioxin)^ 

Percent 

Estimated  Relative  Risk 

Initial  Dioxin 

n 

Abnonnal  Low 

(95%C.L)‘’ 

p-Value 

Low 

172 

4.7 

1.05  (0.80,1.38) 

0.709 

Medium 

170 

4.7 

High 

173 

8.1 

RANCH  HANDS  --  INmAL  DIOXIN  -- 

■  ADJUSTED 

n 

Analysis  Results  for  Logj  (Initial  Dioxin)*^ 
Adj.  Relative  Risk  (95%  C.I.)*’  :  p-Value 

Covariate  Remarks 

515 

1.16(0.84,1.59)**  0.364** 

INIT*OCC  (p  =0.033) 

RACE  (p=0.058) 

BEAT  (p=0.045) 

*  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  ptercent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (initial  dioxm)-by-covariate  interaction  (0.01  <p  <0.05);  adjusted  relative  risk,  confidence  interval,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  N-2-35  for 
further  analysis  of  this  interaction. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  18-60.  (Continued) 
Analysis  of  Total  Testosterone 
(Discrete) 


e)  MODf^  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  — 

UNADJUSTED 

Dioxin  Category 

n 

Percent 

Abnormal  Low 

Est.  Rdative  Risk 
(95%  C.!.)** 

p-Value 

Comparison 

1,056 

5.2 

Backgroimd  RH 

364 

2.7 

0.69(0.34,1.38) 

0.289 

Lx)wRH 

256 

4.3 

0.70(0.35,1.39) 

0.308 

HighRH 

259 

7.3 

1.14  (0.65,2.01) 

0.645 

Low  plus  High  RH 

515 

5.8 

0.93  (0.58,1.49) 

0.751 

f)  MODEL  3; 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  ADJUSTED 

Adj.  Relative  Risk 

Dioxin  Category 

n 

(95%  C,L)^ 

p-Value 

Covariate  Ronarks 

Comparison 

1,055 

DXCAT*PERS  (p=0.015) 

AGE  (p=0.012) 

Background  RH 

364 

0.64  (0.32,1.30)** 

0.222** 

RACE  (p=0.084) 

BEAT  (p <0.001) 

LowRH 

255 

0.65  (0.32,1.30)** 

0.222** 

HighRH 

259 

1.29  (0.73,2.29)** 

0.386** 

Low  plus  High  RH 

514 

0.95  (0.59,1.54)** 

0.830** 

^  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Categorized  dioxin-by-covariate  interaction  (0.01  <p<0.05);  adjusted  relative  risk,  confidence  interval,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  N-2-35  for 
further  analysis  of  this  interaction. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Backgroimd  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  18-60.  (Continued) 
Analysis  of  Total  Testosterone 
(Discrete) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  --  UNADJUSTED 


Current  Dio»n  Category 

Percent  Abnormal  Low/(n) 

Analysis  Results  for  Log2 
(Currmt  Dioxin  +  1) 

Model^ 

Low 

Medium 

Hgh 

Est.  Relative  Risk 
(95%  CJ.)” 

p-Value 

4 

2.4 

(287) 

4.1 

(295) 

7.1 

(297) 

1.25  (1.02,1.54) 

0.033 

5 

2.4 

(292) 

4.1 

(293) 

7.1 

(294) 

1.27  (1.05,1.53) 

0.012 

6“^ 

2.4 

(291) 

4.1 

(293) 

7.1 

(294) 

1.20  (0.99,1.47) 

0.071 

h)  MODELS  4,  S;  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  --  ADJUSTED 


Analysis  Results  for  Log2  (Current  Diorih  1) 

Model® 

Adj.  Relative  Risk 

p-Value 

Covariate  Remarks 

4 

878 

1.13  (0.85,1.49)** 

0.398** 

CURR*OCC  (p =0.033) 

RACE  (p=0.025) 

PERS  (p=0.120) 

BEAT  (p  <0.001) 

5 

878 

1.11  (0.90,1.36) 

0.322 

RACE  (p=0.030) 

PERS  (p=0.103) 

BEAT  (p<  0.001) 

6“ 

877 

1.06  (0.85,1.31) 

0.632 

RACE  (p  =0.035) 

PERS  (p =0.130) 

BEAT  (p  <0.001) 

Model  4:  Log2  (lipid-adjusted  current  dioxin  +1). 

Model  5:  Log2  (whole-weight  current  dioxin  +  1). 

Model  6:  Logj  (whole-weight  current  dioxin  +1),  adjusted  for  log2  total  lipids. 


^  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

^  Adjusted  for  log2  total  lipids. 

^  Adjusted  for  log2  total  lipids  in  addition  to  co variates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (current  dioxin  4-  l)-by-covariate  interaction  (0.01  <p<0.05);  adjusted  relative  risk,  confidence 
interval,  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table 
N-2-35  for  further  analysis  of  this  interaction. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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occupation  interaction  (Table  18-60(d):  p=0.033).  After  the  interaction  was  removed  from 
the  final  adjusted  model,  the  results  did  not  reveal  a  significant  association  between  total 
testosterone  and  initial  dioxin  (p=0.364).  Race  and  body  fat  were  significant  covariates  in  the 
final  adjusted  model.  Stratified  results  of  the  interaction  are  presented  in  Appendix 
Table  N-2-35.  Adjusting  for  covariates  in  Model  3  revealed  a  significant  categorized  dioxin- 
by-personality  type  interaction  (Table  18-60(f):  p=0.015).  After  removal  of  the  interaction 
from  the  final  model,  the  analysis  did  not  show  a  significant  relationship  between  total 
testosterone  and  categorized  dioxin  (p>0.22  for  all  adjusted  analyses).  For  further 
investigation  of  the  interaction,  stratified  analyses  were  performed  by  personality  type,  and  the 
results  are  displayed  in  Appendix  Table  N-2-35. 

The  imadjusted  analyses  of  Models  4,  5,  and  6  showed  significant,  or  marginally 
significant,  positive  associations  between  current  dioxin  and  discretized  total  testosterone 
(Table  18-60(g):  p=0.033,  Est.  RR=1.25;  p=0.012,  Est.  RR=1.27;  and  p=0.071,  Est.  RR=1.20 
respectively).  In  Models  4  through  6,  the  percentage  of  individuals  with  abnormally  low  total 
testosterone  levels  in  the  low,  medium,  and  high  categories  were  2.4,  4.1,  and  7.1  percent. 
Adjusting  for  covariates  in  Model  4  revealed  a  significant  current  dioxin-by-occupation 
interaction  (Table  18-60(f):  p=0.033).  Race,  personality  type,  and  body  fat  also  were 
retained  in  the  final  adjusted  model.  Stratified  results  of  the  interaction  are  presented  in 
Appendix  Table  N-2-35.  After  removing  the  interaction  from  the  model,  the  results  of  the 
analysis  were  nonsignificant  (p=0.398).  However,  after  excluding  occupation  and  body  fat 
from  the  adjusted  Model  4  analysis,  the  results  showed  a  significant  association  between 
current  dioxin  and  total  testosterone  (Appendix  Table  N-3-44:  p=0.027,  Adj.  RR=1.26).  The 
adjusted  analyses  for  Models  5  and  6  did  not  reveal  any  significant  associations  between 
current  dioxin  and  total  testosterone  (Table  18-60(f):  p>0.32  for  adjusted  analyses).  The 
covariates  race,  personality  type,  and  body  fat  were  significant  in  the  final  adjusted  models. 
Similar  to  Model  4,  excluding  body  fat  from  the  final  models  in  Models  5  and  6  revealed 
significant  positive  associations  between  current  dioxin  and  total  testosterone  (Appendix  Table 
N-3-44:  p=0.011,  Adj.  RR=1.27  for  Model  5  and  p=0.055,  Adj.  RR=1.22  for  Model  6). 

Free  Testosterone  (Continuous) 

The  Model  1  unadjusted  analysis  of  free  testosterone  did  not  reveal  significant  differences 
between  Ranch  Hands  and  Comparisons  (Table  18-61(a):  p>0.13).  After  adjustment  was 
made  for  age,  personality  type,  body  fat,  and  the  race-by-occupation  interaction,  a  marginally 
significant  difference  between  the  two  groups  was  revealed  in  the  enlisted  flyer  category  with 
Ranch  Hands  possessing  a  greater  mean  level  of  free  testosterone  (20.10  pg/ml)  than 
Comparisons  (19.09  pg/ml)  (Table  18-61(b):  p=0.097,  DifF.  of  Adj.  Mean=1.01). 

In  Model  2,  the  unadjusted  and  adjusted  analyses  did  not  reveal  a  significant  association 
between  initial  dioxin  and  free  testosterone  in  its  continuous  form  (Table  18-61(c,d):  p>0.12 
for  unadjusted  and  adjusted  analyses).  Race,  occupation,  and  an  age-by-body  fat  interaction 
were  significant  in  the  final  adjusted  model. 

The  imadjusted  analysis  for  Model  3  revealed  a  significant  difference  in  means  adjusted 
for  percent  body  fat  at  time  of  duty  in  SEA,  and  change  in  percent  body  fat  from  time  of 
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Table  18-61. 

Analysis  of  Free  Testosterone  (pg/ml) 
(Continuous) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


Occupational 

Category 

Group 

Meaii^ 

Difference  of  Means 
(95%  C.I.)‘> 

p-Value‘ 

All 

Ranch  Hand 

936 

18.70 

0.39- 

0.138 

Comparison 

1,271 

18.31 

Officer 

Ranch  Hand 

357 

17.55 

0.31  - 

0.429 

Comparison 

500 

17.24 

Enlisted  Flyer 

Ranch  Hand 

161 

19.19 

0.91  - 

0.145 

Comparison 

200 

18.28 

Enlisted  Groundcrew 

Ranch  Hand 

418 

19.52 

0.23  ~ 

0.576 

Comparison 

571 

19.29 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Occupational 

Category 

Group 

n 

Adj. 

Mean® 

Difference  of  Adj. 
Means  (95%  C  L)” 

p-Value^ 

Covariate  Remarks^ 

All 

Ranch  Hand 

935 

19.56 

0.34  ~ 

0.170 

AGE  (p<0.001) 

Comparison 

1,270 

19.22 

PERS  (p =0.0 16) 

Officer 

Ranch  Hand 

357 

20.17 

0.41  - 

0.311 

BFAT  (p  <0.001) 
RACE*OCC  (p =0.026) 

Comparison 

500 

19.76 

Enlisted 

Ranch  Hand 

160 

20.10 

1.01  ~ 

0.097 

Flyer 

Comparison 

200 

19.09 

Enlisted 

Ranch  Hand 

418 

18.67 

0.04  - 

0.921 

Groundcrew 

Comparison 

570 

18.63 

^  Transformed  from  the  square  root  scale. 

*’  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  square  root  scale. 

P-values  based  on  difference  of  means  on  square  root  scale. 

**  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  18-61.  (Continued) 
Analysis  of  Free  Testosterone  (pg/ml) 
(Continuous) 


c)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN  —  UNADJUSTED 


Initial  Dioxin  Category  Sununaiy  Statistics 

Analysis  Results  for  Log^  (Initial  Dioxin)^ 

Initial  Dioxin 

n 

Mean® 

Adj. 

Mean'* 

Slope 

;  (Std.  E^roif^ 

p-Value 

Low 

172 

18.41 

18.26 

0.070 

0.030  (0.023) 

0.187 

Medium 

170 

18.31 

18.21 

High 

173 

18.81 

19.07 

d)  MODEL  2:  RANCH  HANDS  -  IN^  -  ADJUSTED 


Initial  Dioxin  Category  Summary 

Analysis  Results  for  Logj  (Initial  Dioxin)^ 

Statistics 

Adj. 

Adj.  Slope 

initial  Dioxin  n 

Mean*'’ 

R*  (Std;  Error)= 

p-Value 

Coyariate  Remarks 

Low  172 

20.20 

0.201  -0.038  (0.025) 

0.121 

RACE  (p=0.017) 

Medium  170 

19.18 

OCC  (p =0.076) 
AGE*BFAT  (p=0.018) 

High  173 

18.94 

^  Transformed  from  square  root  scale. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Slope  and  standard  error  based  on  square  root  of  free  testosterone  versus  log2  (initial  dioxin). 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  18-61.  (Continued) 
Analysis  of  Free  Testosterone  (pg/ml) 
(Continuous) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


Moxin  Category 

n 

Mean^ 

Adj. 

Mean* 

Difference  of  Adj. 

Mean  vs.  Ctmiparisons 
(95%  C.I.)= 

p-Value^ 

Comparison 

1,056 

18.31 

18.32 

Background  RH 

364 

18.82 

18.30 

-0.02  - 

0.954 

LowRH 

256 

18.25 

18.52 

0.20  - 

0.640 

HighRH 

259 

18.78 

19.21 

0.89  ~ 

0.033 

Low  plus  High  RH 

515 

18.51 

18.86 

0.54  ~ 

0.093 

f)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATE(50RY—  ADJUSTED 

Diff^ence  of  1 

Adj. 

Mean  vs.  Gomparisoiis 

Dioxin  Category 

n 

Mean” 

(95%  C.I.)' 

p-Value^ 

Covariate  Remarks 

Comparison 

1,055 

19.27 

AGE(p<0.001) 

PERS  (p =0.050) 

Background  RH 

364 

19.75 

0.48  ~ 

0.184 

BEAT  (p<0.001) 
OCC*RACE  (p =0.039) 

Low  RH 

255 

19.66 

0.39  - 

0.336 

HighRH 

259 

19.18 

-0.09- 

0.826 

Low  plus  High  RH 

514 

19.42 

0.15  - 

0.640 

®  Transformed  from  square  root  scale. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

®  Difference  of  adjusted  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of 
adjusted  means  not  presented  because  analysis  was  performed  on  square  root  scale. 

P-value  is  based  on  difference  of  means  on  square  root  scale. 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Backgroimd  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  18-61.  (Continued) 
Analysis  of  Free  Testosterone  (pg/ml) 
(Continuous) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  UNADJUSTED 


Current  Dioxin  Cat^ory 
Mean^/(n) 

Analysis  Results  for  Log2 
(Cnrrent  IHoxin  +  I) 

Model*’ 

Low 

Medium 

High 

R^ 

Slope 

(Std.  Error)® 

p-Value 

4 

18.69 

(287) 

18.53 

(295) 

18.72 

(297) 

0.001 

-0.014  (0.016) 

0.383 

5 

18.97 

(292) 

18.19 

(293) 

18.77 

(294) 

<0.001 

-0.008  (0.014) 

0.546 

6** 

18.88 

(291) 

18.19 

(293) 

18.84 

(294) 

0.001 

-0.003  (0.015) 

0.818 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  ADJUSTED 


Current  Dioxin  Category 
Adjusted  Mean^/(n) 

Analysis  Results  for  Logj 
(Current  Dioxin  -J-  1) 

Model'’ 

Low 

Medium 

High 

R^ 

Adj.  Slope 
(Std.  Error)® 

p-Value 

Covariate  Remarks 

4 

19.48 

(287) 

19.92 

(294) 

19.22 

(297) 

0.162 

-0.009  (0.018) 

0.627 

AGE  (p< 0.001) 

OCC  (p=0.040) 

RACE  (p=0.046) 

PERS  (p=0.108) 

BEAT  (p< 0.001) 

5 

19.77 

(292) 

19.54 

(292) 

19.45 

(294) 

0.162 

-0.006  (0.015) 

0.683 

AGE  (p <0.001) 

OCC  (p=0.042) 

RACE  (p =0.046) 

PERS  (p=0.107) 

BEAT  (p< 0.001) 

6® 

19.83 

(291) 

19.56 

(292) 

19.40 

(294) 

0.093 

-0.009  (0.016) 

0.599 

AGE  (p <0.001) 

OCC  (p=0.044) 

RACE  (p =0.043) 

PERS  (p=0. 116) 

BEAT  (p<0.001) 

®  Transfonned  from  square  root  scale. 


’’  Model  4:  Logj  (lipid-adjusted  current  dioxin  4-  1). 

Model  5:  Logj  (whole-weight  current  dioxin  -I-  1). 

Model  6:  Logj  (whole-weight  current  dioxin  -f  1),  adjusted  for  log2  total  lipids. 

'  Slope  and  standard  error  based  on  square  root  of  free  testosterone  versus  log2  (current  dioxin  H-  1). 
Adjusted  for  logj  total  lipids. 

®  Adjusted  for  logj  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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duty  in  SEA  to  date  of  the  blood  draw  for  dioxin,  between  Ranch  Hands  in  the  high  dioxin 
category  (19.21  pg/ml)  and  Comparisons  (18.32  pg/ml),  as  well  as  a  marginally  significant 
difference  in  means  between  Ranch  Hands  in  the  low  plus  high  category  (18.86  pg/ml)  and 
Comparisons  (Table  18-61(e):  p=0.033  and  p=0.093  respectively).  The  adjusted  analysis  did 
not  exhibit  a  significant  relationship  between  categorized  dioxin  and  free  testosterone  (Table 
18-6 1(f):  p>0.18  for  all  adjusted  contrasts).  The  final  adjusted  model  contained  the 
covariates  age,  personality  type,  body  fat,  and  an  occupation-by-race  interaction. 

In  Models  4  through  6,  the  unadjusted  and  adjusted  analyses  did  not  reveal  any 
significant  associations  between  current  dioxin  and  free  testosterone  in  its  continuous  form 
(Table  18-61(g,h):  p>0.38  for  all  analyses).  However,  after  occupation  and  body  fat  were 
excluded  from  the  final  adjusted  model.  Models  4  through  6  revealed  significant  negative 
associations  between  current  dioxin  and  free  testosterone  (Appendix  Table  N-3-45:  p=0.037, 
slope=-0.033  for  Model  4;  p=0.033,  Slope=-0.029  for  Model  5;  and  p=0.044,  Slope=-0.030 
for  Model  6).  Significant  covariates  for  the  adjusted  analyses  in  Models  4  through  6  were 
age,  occupation,  race,  personality  type,  and  body  fat. 

Free  Testosterone  (Discrete) 

Comparisons  had  a  greater  overall  percentage  of  abnormalities  than  Ranch  Hands  in  the 
unadjusted  discrete  analysis  of  free  testosterone  (Table  18-62(a);  p=0.014,  Est.  RR=0.75). 
After  stratifying  the  analysis  across  occupation,  the  difference  between  the  two  groups  was 
significant  in  the  enlisted  flyer  category  (p=0.012,  Est.  RR=0.42).  Adjustment  for  age, 
personality  type,  and  body  fat  led  to  similar  results  in  the  adjusted  andysis.  A  significantly 
greater  percentage  of  Comparisons  possessed  abnormally  low  free  testosterone  than  Ranch 
Hands,  both  overall  and  for  enlisted  flyers  (Table  18-62(b):  p=0.017,  Adj.  RR=0.76  for 
overall  contrast  and  p=0.006,  Adj.  RR=0.39  for  enlisted  flyer  contrast). 

The  unadjusted  and  adjusted  analyses  for  Model  2  did  not  reveal  a  significant 
relationship  between  initial  dioxin  and  free  testosterone  (Table  18-62(c,d):  p>0.12).  The 
covariate  body  fat  was  significant  in  the  final  adjusted  model  as  well  as  the  interactions  age- 
by-race,  race-by-occupation,  and  race-by-personality  type. 

The  unadjusted  analysis  for  Model  3  revealed  marginally  significant  differences  between 
Ranch  Hands  in  the  background  category  and  Comparisons  and  between  Ranch  Hands  in  the 
low  category  and  Comparisons  (Table  18-62(e):  p=0.084,  Est.  RR=0.74  and  p=0.061,  Est. 
RR=0.69  respectively).  The  percentage  of  participants  with  abnormally  low  free  testosterone 
levels  in  the  Comparison,  background  Ranch  Hand,  and  low  Ranch  Hand  categories  were 
19.3,  13.5,  and  14.8  percent  respectively.  The  background  Ranch  Hand  and  low  Ranch  Hand 
contrasts  remained  marginally  significant  in  the  adjusted  analysis  (Table  18-62(f):  p=0.089, 
Adj.  RR=0.74  and  p=0.093,  Adj.  RR=0.72).  Age,  occupation,  personality  type,  and  body  fat 
were  significant  in  the  final  adjusted  model.  After  occupation  and  body  fat  were  excluded 
from  the  final  model,  the  background  Ranch  Hands  versus  Comparisons  contrast  was  no 
longer  significant  (Appendix  Table  N-3-46:  p=0.136);  however,  the  low  plus  high  Ranch 
Hands  versus  Comparisons  contrast  became  marginally  significant  (p=0.095,  Adj.  RR=0.79). 
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Table  18-62. 

Analysis  of  Free  Testosterone 
(Discrete) 


a)  MODEL  1;  RANCH  HANDS  VS.  COMPARISONS  ^UNADJUSTED 

Percent 


Occupational  Category 

Group 

n 

Abnormal 

Low 

£st.  Rdative  Ksk 
(95%  C.I.) 

p-Value 

All 

Ranch  Hand 

936 

15.4 

0.75  (0.60,0.94) 

0.014 

Comparison 

1,271 

19.5 

Officer 

Ranch  Hand 

357 

15.1 

0.76  (0.53,1.10) 

0.166 

Comparison 

500 

19.0 

Enlisted  Flyer 

Ranch  Hand 

161 

8.7 

0.42  (0.22,0.81) 

0.012 

Comparison 

200 

18.5 

Enlisted  Groimdcrew 

Ranch  Hand 

418 

18.2 

0.87  (0.63,1.20) 

0.449 

Comparison 

571 

20.3 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 


Occupational  Category 

Covariate  Remarks^ 

All 

0.76  (0.60,0.95) 

0.017 

AGE  (p =0.002) 

Officer 

0.76  (0.52,1.10) 

0.145 

PERS  (p=0.018) 

BFAT  (p<0.001) 

Enlisted  Flyer 

0.39  (0.20,0.76) 

0.006 

Enlisted  Groundcrew 

0.91  (0.65,1.26) 

0.570 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  18-62.  (Continued) 
Analysis  of  Free  Testosterone 
(Discrete) 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  —  UNADJUSTED 


Initi^  Dioxin  Category  Summary  Statistics 

Percent 


Analysis  Results  for  Ia^2  (Initial  Dioxin)^ 
Estimated  RelatlTe  Risk 


Initial  Dioxin 

n 

Abnormal  Low 

(95%  C-D^* 

p-Yalue 

Low 

172 

13.4 

1.14  (0.96,1.36) 

0.129 

Medium 

170 

17.1 

High 

173 

21.4 

d)  MODEL  2:  RANCH  HANDS  —  INI^^  DIOXIN— ^  ADJUSTED 

n  Adj. 

;  Analysis  Results  for  Logj  (Initial  Dioxin)^' 

Relative  Risk  (95%  C.I.)**  p-Value  Covariate  Remaiks 

514  1.15  (0.94,1.41)  0.180  BEAT  (p= 0.034) 

AGE*RACE  (p =0.001) 
RACE*OCC  (p =0.025) 
RACE*PERS  (p  <0.001) 


®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

*=  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >  98-232  ppt;  High  =  >  232  ppt. 
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Table  18-62.  (Continued) 
Analysis  of  Free  Testosterone 
(Discrete) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


Dioxin  Categoiy 

n 

Percent 

Abnonnal  Low 

Est.  Relative  ]^k 
(95%  C.L)^ 

p-Value 

Comparison 

1,056 

19.3 

Background  RH 

364 

13.5 

0.74(0.52,1.04) 

0.084 

LowRH 

256 

14.8 

0.69(0.47,1.02) 

0.061 

HighRH 

259 

19.7 

0.91  (0.64,1.29) 

0.582 

Low  plus  High  RH 

515 

17.3 

0.80(0.60,1.06) 

0.121 

f)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  ADJUSTED 

Adj.  Relative  Risk 

Dioxin  Category 

n 

p- Value 

Covariate  Remarks 

Comparison 

1,055 

AGE  (p=0.015) 
OCC(p=0.148) 

Background  RH 

364 

0.74  (0.52,1.05) 

0.089 

PERS  (p=0.078) 

BEAT  (p=0.025) 

LowRH 

255 

0.72  (0.49,1.06) 

0.093 

HighRH 

259 

0.90  (0.63,1.30) 

0.588 

Low  plus  High  RH 

514 

0.81  (0.61,1.08) 

0.147 

^  Relative  risk  and  confidence  interval  relative  to  Comparisons, 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  iforn  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Lx)w  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  Initial  Dioxin  >  143  ppt. 
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Table  18-62.  (Continued) 
Analysis  of  Free  Testosterone 
(Discrete) 


g)  MODELS  4,  5,  AND  6;  RANCH  HANDS  —  CURRENT  DIOXIN  -  ^ADJUSTED 


Giurrent  Dioxin  Category 
Percent  Abnormal/(n) 

Analysis  Results  for  Log2 
(Current  Dioxin  +  1) 

Model® 

Low 

Medium 

High 

Est.  Relative  Risk 
(95%  C.L)'’ 

p-Value 

4 

13.2 

(287) 

14.2 

(295) 

19.5 

(297) 

1.20(1.06,1.35) 

0.004 

5 

12.7 

(292) 

15.7 

(293) 

18.7 

(294) 

1.15  (1.04,1.29) 

0.009 

6'^ 

12.7 

(291) 

15.7 

(293) 

18.7 

(294) 

1.21  (1.07,1.36) 

0.002 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  — 

CURRENT  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Logi  (Cuirrait  Dioxin  4- 1) 

Model® 

n 

Adj.  Relative  Risk 
(95%  C.!.)” 

p-Value 

Covariate  Remarks 

4 

879 

1.10  (0.94,1.29) 

0.227 

OCC  (p=0.029) 

BEAT  (p <0.001) 

5 

878 

1.05  (0.92,1.21) 

0.468 

AGE(p=0.140) 

OCC  (p=0.038) 

PERS  (p=0.149) 

BEAT  (p <0.001) 

6<* 

878 

1.12  (0.97,1.30) 

0.131 

OCC  (p =0.027) 

BEAT  (p <0.001) 

®  Model  4:  Logj  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Log2  (whole-weight  current  dioxin  4-1). 

Model  6:  Logj  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 
**  Relative  risk  for  a  twofold  increase  in  current  dioxin. 


^  Adjusted  for  log2  total  lipids. 

^  Adjusted  for  logj  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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In  the  unadjusted  analyses  of  Models  4,  5,  and  6,  highly  significant  positive  associations 
were  found  between  current  dioxin  and  discretized  free  testosterone  (Table  18-62(g): 
p=0.004,  Est.  RR=1.20  for  Model  4;  p=0.009,  Est.  RR=1.15  for  Model  5;  and  p=0.002,  and 
Est.  RR=1.15  for  Model  6).  In  Model  4,  the  percentage  of  Ranch  Hands  with  abnormally  low 
free  testosterone  levels  in  the  low,  medium,  and  high  current  dioxin  categories  were  13.2, 

14.2,  and  19' 5  percent  respectively.  In  both  Model  5  and  Model  6,  the  percentage  of 
individuals  with  abnormally  low  free  testosterone  levels  in  the  low,  medium,  and  high 
categories  were  12.7,  15.7,  and  18.7  percent  respectively.  The  adjusted  analyses  for  Models  4 
through  6  did  not  reveal  any  significant  relationships  between  current  dioxin  and  free 
testosterone.  In  Models  4  and  6,  occupation  and  body  fat  were  retained  in  the  final  adjusted 
model.  In  Model  5,  age,  occupation,  personality  type,  and  body  fat  were  retained  in  the  final 
adjusted  model.  After  occupation  and  body  fat  were  excluded  from  the  final  adjusted  models 
for  Models  4  through  6,  the  results  became  significant  (Appendix  Table  N-3-46:  p=0.004, 

Adj.  RR=1.20  for  Model  4;  p=0.026,  Adj.  RR=1.13  for  Model  5;  and  p=0.002,  Adj.  RR=1.21 
for  Model  6). 

Sex  Hormone  Binding  Globulin 

Similar  results  were  revealed  in  both  the  unadjusted  and  adjusted  Model  1  analyses  of 
sex  hormone  binding  globulin.  In  each  analysis,  the  overall  and  enlisted  groundcrew  contrasts 
for  Ranch  Hands  versus  Comparisons  were  at  least  marginally  significant,  and  the  adjusted 
overall  contrast  was  significant.  In  each  case.  Ranch  Hands  had  fewer  instances  of 
abnormally  low  sex  hormone  binding  globulin  than  Comparisons  (Table  18-63(a,b);  p=0.051, 
Est.  RR=0.79  for  the  overall  contrast  and  p=0.077,  Est.  RR=0.72  for  the  enlisted  groundcrew 
contrast  in  the  xmadjusted  analysis;  p=0.048,  Adj.  RR=0.80  for  the  overall  contrast  and 
p=0.080,  Adj.  RR=0.74  for  the  enlisted  groundcrew  contrast  in  the  adjusted  analysis).  Race, 
occupation,  personality  type,  and  body  fat  were  retained  in  the  adjusted  analysis. 

In  Model  2,  the  unadjusted  and  adjusted  analyses  did  not  show  any  significant 
associations  between  initial  dioxin  and  sex  hormone  binding  globulin  (Table  18-63(c,d): 
p>0.87  for  unadjusted  and  adjusted  analyses).  The  race-by-occupation  interaction  was 
significant  in  the  final  adjusted  model. 

The  unadjusted  analysis  for  Model  3  revealed  a  marginally  significant  difference  between 
Ranch  Hands  in  the  low  plus  high  dioxin  category,  and  Comparisons  (Table  18-63(e): 
p=0.054,  Est.  RR=0.75).  The  percentage  of  individuals  with  abnormally  low  levels  of  sex 
hormone  binding  globulins  in  die  low  plus  high  Ranch  Hands  category  and  the  Comparison 
group  were  15.1  percent  and  18.6  percent.  Similarly,  after  adjustment  was  made  for 
covariates.  Model  3  showed  a  significant  difference  between  Ranch  Hands  in  the  low  plus 
high  dioxin  category  and  Comparisons  (Table  18-63(f):  p=0.038,  Adj.  RR=0.73).  Race  and 
personality  type  were  significant  in  the  final  adjusted  model. 

The  unadjusted  and  adjusted  analyses  for  Models  4,  5,  and  6  did  not  show  any 
significant  associations  between  sex  hormone  binding  globulin  and  current  dioxin  (Table 
18-63(g,h):  p>0.65  for  unadjusted  and  adjusted  analyses).  Body  fat  was  retained  in  the  final 
adjustment  for  Model  4.  No  covariates  were  significant  in  Models  5  and  6. 
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Table  18-63. 

Analysis  of  Sex  Hormone  Binding  Globulin 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  UNADJUSTED 


Occupational  Category 

Group 

n 

Percent 

Abnormal 

Low 

Est.  Relative  Risk 
(9S%C.L) 

p-Value 

All 

Ranch  Hand 

936 

15.6 

0.79  (0.63,0.99) 

0.051 

Comparison 

1,271 

18.9 

Officer 

Ranch  Hand 

357 

17.6 

0.88  (0.62,1.25) 

0.527 

Comparison 

500 

19.6 

Enlisted  Flyer 

Ranch  Hand 

161 

13.7 

0.80  (0.45,1.44) 

0.550 

Comparison 

200 

16.5 

Enlisted  Groundcrew 

Ranch  Hand 

418 

14.6 

0.72  (0.51,1.02) 

0.077 

Comparison 

571 

19.1 

b)  MODEL  1:  RANCH  HANDS  VS. 

COMPARISONS  —  ADJUSTED 

Adj.  Relative  Risk 

Occupational  Category 

(95%C.L) 

p-Value 

Covariate  Remarks^ 

All 

0.80  (0.63,1.00) 

0.048 

OCC  (p  =0.1 12) 

Officer 

0.88  (0.62,1.25) 

0.479 

RACE  (p =0.007) 

PERS  (p =0.043) 

Enlisted  Flyer 

0.76  (0.42,1.37) 

0.355 

BFAT  (p =0.030) 

Enlisted  Groundcrew 

0.74  (0.52,1.04) 

0.080 

*  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  18-63.  (Continued) 

Analysis  of  Sex  Hormone  Binding  Globulin 


c)  MODEL  2:  RANCH  HANDS  -  INTIIAL  DIOXIN  -  UNADJUSTED 


Initial  Dio>dn  Cat^ory  Summaiy  Statistics 

Analysis  Results  for  Logj  (Initial  Dioxin)^ 

Diltial  Dioxin 

n 

Percent 

Abnormal  Low 

E^imated  Relatiye  Risk 
(95%  C.I.)^ 

p-Valtie 

Low 

172 

17.4 

0.99  (0.82,1.18) 

0.871 

Medium 

170 

12.4 

High 

173 

15.6 

MODEL  2:  RANCHHANDS  -  INIT^  -  ADJimED 

Analysis  Results  for  Logj  (Initial  Dioxin)' 

n  Acy.  Relative  Risk  (95%  CJ.)**  p-^^lue  Coyariate  Remarks 

515  0.99  (0.80,1.22)  0.887  RACE*OCC  (p =0.028) 


®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

'  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  18-63.  (Continued) 

Analysis  of  Sex  Hormone  Binding  Globulin 


e)  MODEL  3:  RANCH  HANDS  AND  GGMPAMSONS  BY  DIOXIN  CATEGORY  —  UNADJUSTED 


Percent  Est,  Relative  Risk 

Dionn  Cat^oiy  n  Abnormal  Low  {95%  C.L)^  p-Value 


Comparison 

1,056 

18.6 

Background  RH 

364 

17.9 

1.02(0.74,1.39) 

0.922 

LowRH 

256 

15.2 

0.77(0.53,1.12) 

0.174 

High  RH 

259 

15.1 

0.74  (0.51,1.07) 

0.112 

Low  plus  High  RH 

515 

15.1 

,  0.75  (0.56,1.01) 

0.054 

f)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -t-  ADJUSTED 

Dioxin  Category 

'  n 

Adj.  Rdative  Risk 
(95%C.L)^ 

p-Value 

Covariate  Remarks 

Comparison 

1,055 

RACE  (p =0.051) 

PERS  (p=0.070) 

Background  RH 

364 

1.03  (0.75,1.41) 

0.845 

Low  RH 

255 

0.74  (0.51,1.08) 

0.119 

HighRH 

259 

0.73  (0.50,1.06) 

0.101 

Low  plus  High  RH 

514 

0.73  (0.55,0.98) 

0.038 

*  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

**  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  18-63.  (Continued) 

Analysis  of  Sex  Hormone  Binding  Globulin 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  --  CURRENT  DIOXIN  —  UNADJUSTED 


Current  Dioxin  Category 

Percent  Abnormal  Low/(n) 

Analysis  Results  for  Log2 
(Current  Dioxin  +  1) 

ModeP 

Low 

Medium 

High 

£st.  Relative  Risk 

(95%C.I.)*’  p-Vaiue 

4 

17.8 

(287) 

16.3 

(295) 

14.8 

(297) 

1.00  (0.88,1.13) 

0.994 

5 

15.1 

(292) 

18.4 

(293) 

15.3 

(294) 

1.02  (0.92,1.14) 

0.666 

6" 

15.1 

(291) 

18.4 

(293) 

15.3 

(294) 

0.98  (0.87,1.10) 

0.709 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  — 

CURRENT  DIOXIN  —  ADJUSTED 

Analysis  Results  for  Log2  (Current  Dioxin  +  1) 

ModeT 

n 

Adj.  Relative  Risk 
(95%  C.L)'’ 

p-Value 

Covariate  Remarks 

4 

879 

0.97  (0.85,1.11) 

0.655 

BFAT  (p=0.131) 

5 

879 

1.02  (0.92,1.14) 

0.666 

6*= 

878 

0.98  (0.87,1.10) 

0.709 

^  Model  4:  Log2  (lipid-adjusted  current  dioxin  -I-  1). 

Model  5:  Log2  (whole-weight  current  dioxin  +  1), 

Model  6:  Log2  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 


^  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

^  Adjusted  for  log2  total  lipids. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  ==  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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Total  Testosterone  to  Sex  Hormone  Binding  Globulin  Ratio 

Neither  the  unadjusted  nor  the  adjusted  Model  1  analyses  of  the  ratio  of  total  testosterone 
to  sex  hormone  binding  globulin  revealed  any  significant  group  differences  (Table  18-64(a,b): 
p>0.21  for  all  contrasts).  The  age-by-body  fat  interaction  was  significant  in  the  adjusted 
analysis. 

The  unadjusted  and  adjusted  analyses  for  Models  2  and  3  did  not  reveal  any  significant 
associations  between  dioxin  and  the  ratio  of  total  testosterone  to  sex  hormone  binding  globulin 
(Table  18-64(c-f):  p>0.26  for  unadjusted  and  adjusted  analyses).  Age  was  significant  in  the 
final  adjusted  model  for  Models  2  and  3. 

The  unadjusted  and  adjusted  analyses  of  Models  4  and  5  as  well  as  the  unadjusted 
analysis  for  Model  6  did  not  find  a  significant  relationship  between  current  dioxin  and  the 
ratio  of  total  testosterone  to  sex  hormone  binding  globulin  (Table  18-64(g,h);  p>0.13).  Age 
was  significant  in  the  final  adjusted  models  for  Models  4,  5  and  6.  Adjusting  for  covariates 
in  Model  6  revealed  a  marginally  significant  positive  relationship  between  current  dioxin  and 
the  ratio  of  total  testosterone  to  sex  hormone  binding  globulin  (Table  18-64(h):  p=0.067,  Adj. 
RR=1.16). 


Estradiol  (Continuous) 

Neither  the  Model  1  unadjusted  nor  the  adjusted  analysis  of  estradiol  detected  a 
significant  difference  between  Ranch  Hands  and  Comparisons  (Table  18-65(a):  p>0.40  for  all 
analyses).  Age,  race,  and  occupation  were  significant  in  the  adjusted  analysis. 

The  imadjusted  analysis  for  Model  2  did  not  find  a  significeint  relationship  between 
initial  dioxin  and  estradiol  in  its  continuous  form  (Table  18-65(c):  p=0.101).  Adjusting  for 
covariates,  however,  revealed  a  marginally  significant  positive  association  between  initial 
dioxin  and  estradiol  in  Model  2  (Table  18-65(d):  p=0.057,  Slope=0.074).  Race  was 
significant  in  the  final  adjusted  model. 

The  unadjusted  and  adjusted  analysis  of  Model  3  did  not  reveal  any  significant 
associations  between  categorized  dioxin  and  estradiol  (Table  18-65(e,f):  p>0.44  for 
unadjusted  and  adjusted  analyses).  Age  and  race  were  significant  in  the  final  adjusted  model. 

The  unadjusted  and  adjusted  analyses  of  Models  4  through  6  did  not  reveal  any 
significant  associations  between  estradiol  and  current  dioxin  (Table  18-65(g,h):  p>0.19  for 
unadjusted  and  adjusted  analyses).  Age  and  race  were  retained  in  each  of  the  final  adjusted 
models  for  Models  4,  5,  and  6. 

Estradiol  (Discrete) 

The  percentage  of  Ranch  Hands  with  abnormally  high  estradiol  levels  was  not 
significantly  greater  than  that  of  the  Comparisons  in  the  Model  1  imadjusted  and  adjusted 
analyses  (Table  18-66(a,b):  p>0.30  for  all  analyses).  In  the  adjusted  analysis,  race  and  the 
occupation-by-age  interaction  were  significant. 
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Table  18-64. 

Analysis  of  Total  Testosterone  to  Sex  Hormone  Binding  Globulin  Ratio 


a)  MODEL  1:  RANCH  HANDS  VS.  CtMPARISONS  -  UNADJUSTED 


Occupational  Gategoiy 

Group 

n 

Percent 
Abnormal 
Low  :: 

Est.  Relative  R^k 
•.(95%c.i.) 

p-Value 

All 

Ranch  Hand 

936 

9.1 

0.85  (0.64,1.14) 

0.351 

Comparison 

1,271 

10.5 

Officer 

Ranch  Hand 

357 

9.2 

0.76  (0.49,1.19) 

0.280 

Comparison 

500 

11.8 

Enlisted  Flyer 

Ranch  Hand 

161 

9.3 

0.72  (0.37,1.42) 

0.430 

Comparison 

200 

12.5 

Enlisted  Groundcrew 

Ranch  Hand 

418 

8.9 

1.03  (0.66,1.62) 

0.972 

Comparison 

571 

8.6 

b)  MODEL  ! 

r  RANCH  HANDS  VS. 

1 

1 

^ADJUSTED 

Occupational  Category 

Adj.  Relative  Risk 
(95%  C.I.) 

p^Value 

Covariate  Remarks^ 

All 

0.85  (0.63,1.13) 

0.262 

AGE*BFAT  (p =0.034) 

Officer 

0.75  (0.47,1.18) 

0.211 

Enlisted  Flyer 

0.70  (0.35,1.38) 

0.297 

Enlisted  Groundcrew 

1.05  (0.67,1.66) 

0.835 

“  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  18-64.  (Continued) 

Analysis  of  Total  Testosterone  to  Sex  Hormone  Binding  Globulin  Ratio 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  IWADJUSTED 


Initial  Dioxin  Cat^ory  Summary  Statistics 
Initial  Dioxin  n 


Percent 

AbnonnalLow 


Analysis  Results  for  Logi  (Initial  Dioxin)' 

Estimated  Rdative  Risk 
(95%  c.L)^  ;  ■ 


j^Value 


Low 

172 

9.3 

0.98  (0.79,1.22) 

0.879 

Medium 

170 

11.2 

High 

173 

9.2 

d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 
Analysis  Results  for  Ldgj  (Initial  Dioxin)*^ 

n  AdJ.  Relative  Risk  (95%  p-Value  Covariate  Remarks 

515 _ 1.08  (0.86,1.36) _ 0.486 _ AGE  (p  =0.004) 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

’’  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  18-64.  (Continued) 

Analysis  of  Total  Testosterone  to  Sex  Hormone  Binding  Globulin  Ratio 


€)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  UNADJUSTED 


Dioxin  Category 

Percent 

Abnormal  Low 

Est.  Relative  Risk 
(95%  C.L)=^ 

p-Value 

Comparison 

1,056 

9.6 

Background  RH 

364 

7.7 

0.83  (0.53,1.29) 

0.408 

LowRH 

256 

9.8 

0.96(0.61,1.53) 

0.876 

HighRH 

259 

10.0 

1.02  (0.64,1.61) 

0.941 

Low  plus  High  RH 

515 

9.9 

0.99(0.69,1.42) 

0.957 

f)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

Dioxin  Categoiy 

n 

Adj.  Relative  Risk 

(95%C^I.)“ 

p- Value 

Covariate  R^narks 

Comparison 

1,056 

AGE  (p <0.001) 

Background  RH 

364 

0.78  (0.50,1.21) 

0.263 

Low  RH 

256 

0.90  (0.57,1.44) 

0.671 

HighRH 

259 

1.19  (0.75,1.91) 

0.457 

Low  plus  High  RH 

515 

1.03  (0.72,1.48) 

0.865 

^  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

**  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note;  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 


18-325 


Table  18-64.  (Continued) 

Analysis  of  Total  Testosterone  to  Sex  Hormone  Binding  Globulin  Ratio 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  —  CURRENT  DIOXIN  -  UNADJUSTED 


Current  Dioxin  Category 

Analysis  Results  for  Log2 

Percent  Abnormal  Low/(n) 

(Current  Dioxin  4-  1) 

Est.  Rdative  Risk 

ModeH 

Low 

Medium 

High 

(95%C.I.)'’ 

p-Value 

4 

7.7 

9.2 

10.1 

1.05  (0.90,1.23) 

0.514 

(287) 

(295) 

(297) 

5 

7.2 

11.3 

8.5 

1.03  (0.90,1.18) 

0.630 

(292) 

(293) 

(294) 

6' 

7.2 

11.3 

8.5 

1.08  (0.93,1.25) 

0.327 

(291) 

(293) 

(294) 

h)  MODELS  4,  5,  AND  6;  RANCH  HANDS  -  CURRENT  DIOXIN  -  ADJUSTED 


Analysis  Results  for  1^2 

ModeP 

n 

Adj.  Relative  Risk 
(95%  C.I.)'’ 

p-Value 

Govariate  Remarics 

4 

879 

1.14  (0.96,1.34) 

0.136 

AGE  (p  <0.001) 

5 

879 

1.09  (0.95,1.26) 

0.227 

AGE  (p <0.001) 

6^ 

878 

1.16  (0.99,1.36) 

0.067 

AGE  (p< 0.001) 

®  Model  4:  Log2  (lipid-adjusted  current  dioxin  1). 

Model  5:  Logj  (whole-weight  current  dioxin  -1-1). 

Model  6:  Log,  (whole-weight  current  dioxin  1),  adjusted  for  log2  total  lipids. 

’’  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

Adjusted  for  log2  total  lipids. 

^  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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Table  18-65. 

Analysis  of  Estradiol  (pg/ml) 
(Continuous) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  - 

LNMIJUSTED 

Occupational 

Difference  of  Means 

Category 

Group 

n 

Mean^ 

(95%C.L)'>  p-Value" 

All 

Ranch  Hand 

952 

32.16 

-0.01  - 

0.992 

Comparison 

1,280 

32.17 

Officer 

Ranch  Hand 

367 

31.24 

-0.36  - 

0.679 

Comparison 

502 

31.60 

Enlisted  Flyer 

Ranch  Hand 

162 

32.68 

0.99  - 

0.498 

Comparison 

202 

31.69 

Enlisted  Groundcrew 

Ranch  Hand 

423 

32.77 

-0.06  - 

0.943 

Comparison 

576 

32.83 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 

-ADJUSTED 

Occupational 

Adj.  Difference  of  Adj . 

Category 

Group 

n 

Mean^  Means  (95%  C.I.)'’ 

p-Value'^ 

Covariate  Remarks^* 

All 

Ranch  Hand 

952 

34.22 

0.01  - 

0.995 

AGE  (p<0.001) 

Comparison 

1,280 

34.21 

-0.41  - 

0.655 

RACE  (p<  0.001) 
OCC  (p=0.024) 

Officer 

Ranch  Hand 

367 

33.52 

Comparison 

502 

33.93 

Enlisted 

Ranch  Hand 

162 

35.43 

1.19  - 

0.409 

Flyer 

Comparison 

202 

34.24 

Enlisted 

Ranch  Hand 

423 

34.11 

-0.06  - 

0.940 

Groundcrew 

Comparison 

576 

34.18 

^  Transformed  from  the  square  root  scale. 

^  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  square  root  scale. 

^  P-values  based  on  difference  of  means  on  square  root  scale. 

^  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  18-65.  (Continued) 
Analysis  of  Estradiol  (pg/ml) 
(Continuous) 


c)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN  —  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Analysis  Residts  for  Log2  (Ini^^  Koxin)^ 

Initial  Dioxin 

n 

Mean® 

A<U. 

Mean* 

R* 

Slope 

(Std.  Error)' 

p-Value 

Low 

174 

32.54 

32.64 

0.011 

0.064  (0.039) 

0.101 

Medium 

173 

31.00 

31.06 

High 

173 

33.86 

33.70 

d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -ADJUSTED 


Initial  Dioxin  Cat^ory  Summary 
Statistics 


s  An^ysis  Results  for  Logj  (Initial  Dioxin)“ 


initial  Dioxin 

n 

Adj. 

Mean®^ 

R* 

Adj.  Slope 
(Std.  Error)' 

p-Value 

Covariate  Remaiics 

Low 

174 

35.77 

0.033 

0.074  (0.039) 

0.057 

RACE  (p=0.001) 

Medium 

173 

34.41 

High 

173 

37.22 

“  Transformed  from  square  root  scale. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


‘  Slope  and  standard  error  based  on  square  root  of  estradiol  versus  logj  (initial  dioxin). 

**  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  18-65.  (Continued) 
Analysis  of  Estradiol  (pg/ml) 
(Continuous) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGCSRY 

-  UNADJUSTED 

Dioxin  Category 

n 

Mean® 

Adj. 

.  .  Mean* 

Difference  of  Adj.  ■ . 
Mean  vs.  Comparisons 
(95%  C-D^ 

p-Value^ 

Comparison 

1,063 

32.28 

32.27 

Background  RH 

374 

31.44 

31.66 

-0.61  ~ 

0.448 

Low  RH 

260 

31.86 

31.81 

-0.46  - 

0.618 

HighRH 

260 

33.06 

32.84 

0.57  - 

0.539 

Low  plus  High  RH 

520 

32.46 

32.32 

0.05  - 

0.941 

D  MODEL  3:  RANCH  HANDS  CK>MPARISaNS  BV  DIOXIN  CATEGORY  —  ADJUSTED 


Dioxin  Category 

■ . ■A4j.>;;;:^:"i:M 

'■::Mean“ 

Diffa*ence  of  Adj.  : 
ean  VS.  Compmsohs 

¥p-^lue**.;S: 

Cbyariate  Remarks 

Comparison 

1,063 

34.80 

AGE  (p=0.015) 

RACE  (p< 0.001) 

Background  RH 

374 

34.39 

-0.41  - 

0.621 

Low  RH 

260 

34.23 

-0.57  - 

0.549 

HighRH 

260 

35.11 

0.31  - 

0.752 

Low  plus  High  RH 

520 

34.67 

-0.13  - 

0.856 

“  Transformed  from  square  root  scale. 


Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  ^te  of  the  blood  draw  for  dioxin. 

Difference  of  adjusted  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of 
adjusted  means  not  presented  because  analysis  was  performed  on  square  root  scale. 

P-value  is  based  on  difference  of  means  on  square  root  scale. 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  ^  10  ppt. 

Backgroimd  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  Initial  Dioxin  >  143  ppt. 
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Table  18-65.  (Continued) 
Analysis  of  Estradiol  (pg/ml) 
(Continuous) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  UNADJUSTED 


Current  Dioxin  Cat^ory 
Mean“/(n) 

Analysis  Results  for  Log2 
(Curroit  Dioxin  -1-  1) 

Model'’ 

Low 

Medium 

High 

R2 

Slope 

1  (Std.  Error)"’ 

p-Value 

4 

31.86 

31.81 

32.42 

0.002 

0.034  (0.027) 

0.198 

(295) 

(300) 

(299) 

5 

31.57 

31.93 

32.59 

0.002 

0.028  (0.023) 

0.226 

(300) 

(297) 

(297) 

6'' 

31.80 

31.96 

32.29 

0.004 

0.020  (0.025) 

0.418 

(299) 

(297) 

(297) 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  ADJUSTED 


Current  Dioxin  Category 
Adjusted  MeanV(n) 

Analysis  Results  for  Log^ 

(Current  Dioxin  +  1) 

Modd" 

Low 

Medium 

High 

R2 

(Std.  Error)"’ 

p-Value 

Covariate  Remarks 

4 

35.42 

(295) 

35.20 

(300) 

35.49 

(299) 

0.023 

0.024  (0.027) 

0.370 

AGE  (p=0.092) 

RACE  (p  <0.001) 

5 

35.08 

(300) 

35.27 

(297) 

35.75 

(297) 

0.023 

0.021  (0.023) 

0.362 

AGE  (p =0.086) 

RACE  (p <0.001) 

6r 

35.59 

(299) 

35.47 

(297) 

35.42 

(297) 

0.027 

0.008  (0.025) 

0.757 

AGE  (p =0.057) 

RACE  (p  <0.001) 

®  Transformed  from  square  root  scale. 

**  Model  4:  Logj  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Log2  (whole-weight  current  dioxin  -I-  1). 

Model  6:  Log2  (whole-weight  current  dioxin  -I-  1),  adjusted  for  log2  total  lipids. 

^  Slope  and  standard  error  based  on  square  root  of  estradiol  versus  log2  (current  dioxin  -1-1). 

^  Adjusted  for  log2  total  lipids. 

®  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note;  Model  4;  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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Table  18-66. 
Analysis  of  Estradiol 
(Discrete) 


a)  MODEL  1:  RANCH  HANDS  VS. 

COMPARISONS 

—  UNADJUSTED 

Occupational  Category 

Group 

n 

Percent 

Abnormal 

High 

Est.  ReMive  Risk  : 
(95%  C.I.) 

p-Value 

All 

Ranch  Hand 

952 

3.8 

0.95  (0.61,1.46) 

0.893 

Comparison 

1,280 

4.0 

Officer 

Ranch  Hand 

367 

2.7 

0.68  (0.31,1.46) 

0.414 

Comparison 

502 

4.0 

Enlisted  Flyer 

Ranch  Hand 

162 

4.9 

1.00  (0.38,2.59) 

0.999 

Comparison 

202 

5.0 

Enlisted  Grotmdcrew 

Ranch  Hand 

423 

4.3 

1.17  (0.62,2.23) 

0.744 

Comparison 

576 

3.6 

a)  MODEL  1 

:  RANCH  HANDS  VS, 

COMPARISONS 

-ADJUSTED 

Adj.  Relative  Risk 

Occupational  Category 

(95%C.L) 

piValue 

Remarks® 

All 

0.94  (0.61,1.46) 

0.785 

OCC*AGE  (p =0.030) 

Officer 

0.67  (0.31,1.44) 

0.301 

RACE  (p=0. 110) 

Enlisted  Flyer 

1.02  (0.39,2.65) 

0.970 

Enlisted  Groundcrew 

1.17  (0.62,2.33) 

0.627 

“  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  18-66.  (Continued) 
Analysis  of  Estradiol 
(Discrete) 


c)  MODEL  2:  RANCH  HANDS  -  INIHAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Cat^ory  Summary  Statistics 

Analysis  Results  for  Logj  (Initial  Dioxin)^ 

Initial  Dioxin 

n 

Percent 

Abnormal 

High 

E^imated  Rdative  Risk 
(95%  CX)^ 

p«VaIue 

Low 

174 

4.0 

1.24  (0.91,1.68) 

0.180 

Medium 

173 

2.9 

High 

173 

5.2 

d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  — 

ADJUSTED 

n 

Analysis  Results  for  Log2  (Initial  Dioxin)® 
Adj.  Relative  Risk  (95%  C.!.)”  p-Value 

Covariate  Remarks 

520 

1.19  (0.85,1.67)  0.308 

AGE  (p =0.127) 

RACE  (p =0.055) 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


**  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  18-66.  (Continued) 
Analysis  of  Estradiol 
(Discrete) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

—  UNADJUSTED 

Dioxin  C^tegoiy 

•.  -n ' 

Percent 

Abnormal  High 

Est.  Relative  Risk 
(95%  C.I.)"*’ 

p-Value 

Comparison 

1,063 

4.5 

Background  RH 

374 

2.7 

0.62  (0.31,1.25) 

0.180 

LowRH 

260 

3.8 

0.82(0.41,1.64) 

0.571 

HighRH 

260 

4.2 

0.89(0.45,1.74) 

0.729 

Low  plus  High  RH 

520 

4.0 

0.85  (0.50,1.44) 

0.553 

f)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  ADJUSTED 

Dioxin  Gategoiy 

n 

Adj.  Relative  Risk 
(95%  C,I.)“= 

p-Value 

Covariate  Roarks 

Comparison 

1,063 

AGE  (p=0.071) 

RACE  (p=0.105) 

Background  RH 

374 

0.65  (0.32,1.31) 

0.230 

LowRH 

260 

0.82  (0.41,1.66) 

0.590 

HighRH 

260 

0.82  (0.42,1.62) 

0.569 

Low  plus  High  RH 

520 

0.82  (0.49,1.40) 

0.469 

*  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

*’  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

'  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  firom  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  ’Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  ^  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  Initial  Dioxin  >  143  ppt. 
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Table  18-66.  (Continued) 
Analysis  of  Estradiol 
(Discrete) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  —  CURRENT  DIOXIN  —  UNADJUSTED 

Current  Dioxin  Category 

Percent  Abnormal  IRgh/(n) 

Analysis  Results  for  Log2 
(Current  Dioxin  +  1) 

ModeP 

Low 

Medium 

High 

Est.  Relative  Risk 

(95%  C.L)*’  p-Value 

4 

3.4 

(295) 

3.0 

(300) 

4.0 

(299) 

1.12  (0.88,1.42)  0.370 

5 

3.0 

(300) 

3.4 

(297) 

4.0 

(297) 

1.08  (0.87,1.33)  0.485 

6'= 

3.0 

(299) 

3.4 

(297) 

4.0 

(297) 

1.05  (0.84,1.32)  0.676 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  — 

CURRENT  DIOXIN  —  ADJUSTED 

ModeF 

Adj.  Relative  Risk 
(95%C.I.)‘’ 

p-Value 

Covariate  Remarks 

4 

894 

CURR*OCC  (p=0.006) 

RACE  (p =0.0 17) 

5 

894 

1.08  (0.85,1.39)** 

0.527** 

CURR*OCC  (p=0.017) 

RACE  (p=0.019) 

6“ 

893 

1.04  (0.80,1.35)** 

0.793** 

CURR*OCC  (p=0.010) 

RACE  (p=0.016) 

®  Model  4;  Logj  (lipid-adjusted  current  dioxin  +1). 

Model  5:  Log2  (whole-weight  current  dioxin  +  1). 

Model  6:  Log2  (whole-weight  current  dioxin  -I-  1),  adjusted  for  log2  total  lipids. 


*’  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

^  Adjusted  for  log2  total  lipids. 

**  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (current  dioxin  +  l)-by-covariate  interaction  (0.01  <p<0.05);  adjusted  relative  risk,  confidence 
interval,  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table 
N-2-36  for  further  analysis  of  this  interaction. 

****  Log2  (current  dioxin  H-  l)-by-covariate  interaction  (p<0.01);  adjusted  relative  risk,  confidence  interval, 
and  p-value  not  presented;  refer  to  Appendix  Table  N-2-36  for  further  analysis  of  this  interaction. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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In  Models  2  and  3,  no  significant  associations  were  foimd  between  dioxin  and  estradiol 
in  the  unadjusted  and  adjusted  analyses  (Table  18-66(c,d):  p>0.18  for  unadjusted  and  adjusted 
analysis).  The  Model  2  and  3  final  adjusted  models  retained  age  and  race. 

The  unadjusted  analyses  for  Models  4  through  6  did  not  reveal  a  significant  association 
between  current  dioxin  and  estradiol  (Table  18-66(g):  p>0.37).  The  adjusted  analysis  of 
Model  4  revealed  a  highly  significant  current  dioxin-by-occupation  interaction  (Table 
18-66(h):  p=0.006).  Race  also  was  significant  in  the  final  adjusted  model.  Similarly,  Models 
5  and  6  revealed  significant  interactions  between  current  dioxin  and  occupation  (p=0.017  and 
p=0.010).  Race  also  was  significant  in  these  final  adjusted  models.  Removal  of  the  current 
dioxin-by-occupation  in  each  of  these  models  did  not  reveal  a  significant  difference  between 
current  dioxin  and  estradiol.  Stratified  results  of  each  current  dioxin-by-occupation  interaction 
in  Models  4  through  6  are  presented  in  Appendix  Table  N-2-36. 

Luteinizing  Hormone  (Continuous) 

No  significant  group  differences  were  shown  in  the  Model  1  unadjusted  and  adjusted 
analyses  of  luteinizing  hormone  (Table  18-67(a,b):  p>0.12  for  all  analyses).  Occupation  and 
age-by-race  interaction  were  significant  in  the  adjusted  analysis. 

The  unadjusted  analysis  for  Model  2  revealed  a  significant  inverse  association  between 
initial  dioxin  and  luteinizing  hormone  in  its  continuous  form  (Table  18-67(c):  p=0.012, 
Slope=-0.040).  The  mean  levels  of  luteinizing  hormone  adjusted  for  percent  body  fat  at  time 
of  duty  in  SEA,  and  change  in  percent  body  fat  from  time  of  duty  in  SEA  to  date  of  the 
blood  draw  for  dioxin,  are  4.32,  3.97,  and  3.66  mlU/ml  in  the  low,  medium,  and  high  initial 
dioxin  categories  respectively.  Adjusting  for  covariates  also  revealed  a  marginally  significant 
inverse  relationship  between  initial  dioxin  and  luteinizing  hormone  (Table  18-67(d):  p=0.061, 
Adj.  Slope=-0.032).  Age  was  retained  in  the  final  adjusted  model. 

In  Model  3,  the  imadjusted  and  adjusted  analysis  of  luteinizing  hormone  revealed  a 
significant  difference  in  means  between  low  Ranch  Hands  and  Comparisons  (Table  18-67(e): 
p=0.006  and  p=0.019  respectively).  In  the  unadjusted  analysis,  the  mean  levels  of  luteinizing 
hormone,  adjusted  for  percent  body  fat  at  time  of  duty  in  SEA,  and  change  in  percent  body 
fat  from  time  of  duty  in  SEA  to  date  of  the  blood  draws  for  dioxin,  in  the  low  Ranch  Hands 
category  was  4.27  mlU/ml  as  compared  to  3.86  mlU/ml  in  the  Comparison  category. 

Similarly,  the  adjusted  mean  levels  of  luteinizing  hormone  in  the  adjusted  analysis  for  the  low 
Ranch  Hands  and  Comparisons  categories  were  4.15  mlU/ml  and  3.82  mlU/ml  respectively. 
Occupation  and  the  age-by-race  interaction  were  retained  in  the  final  adjusted  model. 

The  unadjusted  analyses  for  Models  4,  5,  and  6  each  revealed  significant  inverse 
associations  between  luteinizing  hormone  and  current  dioxin  (Table  18-67(g):  p=0.035, 
Slope=-0.024  for  Model  4;  p=0.052.  Slope— 0.019  for  Model  5;  and  p=0.035,  and  Slope= 
-0.023  for  Model  6).  After  Models  4  through  6  were  adjusted  for  age,  the  associations 
between  current  dioxin  and  luteinizing  hormone  were  no  longer  significant  (Table  18-67(h): 

p>0.26). 
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Table  18-67. 

Analysis  of  Luteinzing  Hormone  (LH)  (mlU/ml) 
(Continuous) 


a)  MODEL  1:  RANCH  HANDS  VS. 

COMPARISONS  -  IMADJUSTED 

Occupational 

Category 

Group 

n 

Mean^ 

Difference  of  Means 

p-Value^ 

All 

Ranch  Hand 

952 

4.02 

0.14- 

0.121 

Comparison 

1,280 

3.88 

Officer 

Ranch  Hand 

367 

4.09 

0.18  - 

0.228 

Comparison 

502 

3.91 

Enlisted  Flyer 

Ranch  Hand 

162 

4.11 

0.23  - 

0.328 

Comparison 

202 

3.88 

Enlisted  Groundcrew 

Ranch  Hand 

423 

3.92 

0.07  - 

0.566 

Comparison 

576 

3.84 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 

—  ADJUSTED 

Occupational 

Category 

Group 

n 

Adj. 

Mean^ 

Difference  of  Adj. 
Means  (95%  C.I.)*’ 

p-Value'^ 

Covariate  Remarks'* 

All 

Ranch  Hand 

952 

4.03 

0.13  - 

0.148 

AGE*RACE  (p  =0.022) 

Comparison 

1,280 

3.90 

OCC  (p =0.122) 

Officer 

Ranch  Hand 

367 

3.94 

0.15  - 

0.288 

Comparison 

502 

3.79 

Enlisted 

Ranch  Hand 

162 

4.06 

0.21  - 

0.347 

Flyer 

Comparison 

202 

3.85 

Enlisted 

Ranch  Hand 

423 

4.12 

0.08  - 

0.547 

Groundcrew 

Comparison 

576 

4.04 

^  Transformed  from  the  natural  logarithm  scale. 

^  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 

^  P-values  based  on  difference  of  means  on  natural  logarithm  scale. 

^  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  18-67.  (Continued) 

Analysis  of  Luteinizing  Hormone  (LH)  (mlU/ml) 
(Continuous) 


c)  MODEL  2;  RANCH  HANDS  -  INITIAL  DIOXIN  —  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Logj  (Initial  Dioxin)** 

Initial  Dioxin 

n 

Mean^ 

Adj. 

Mean* 

Slope 

(Std.  Error)® 

p-Value 

Low 

174 

4.32 

4.32 

0.025 

-0.040  (0.016) 

0.012 

Medium 

173 

3.96 

3.97 

High 

173 

3.66 

3.66 

d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 


Initial  Dioxin  Category  Summary 
Statistics 

Analysis  Results  for  Logj  (Initial  Dioxin)'* 

Initial  Dioxin  n 

Adj. 

Mean* 

Adj.  Slope 

R^  (Std.  Error)®  p-Value 

Covariate  Remarks 

Low  174 

4.27 

0.031  -0.032  (0.017)  0.061 

AGE  (p=0.074) 

Medium  173 

3.96 

High  173 

3.71 

®  Transformed  from  natural  logarithm  scale. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Slope  and  standard  error  based  on  natural  logarithm  of  luteinizing  hormone  versus  logj  (initial  dioxin). 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  18-67.  (Continued) 

Analysis  of  Luteinizing  Hormone  (LH)  (mlU/ml) 
(Continuous) 


€)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


Dioxin  Category 

n 

Mean® 

Adj. 

Mean®^ 

DiHorence  of  Adj. 

Mean  :vs.  Cmnparisons 

p-Value‘ 

Comparison 

1,063 

3.86 

3.86 

Background  RH 

374 

4.03 

4.00 

0.14  - 

0.265 

LowRH 

260 

4.29 

4.27 

0.41  ~ 

0.006 

HighRH 

260 

3.68 

3.72 

-0.14  ~ 

0.310 

Low  plus  High  RH 

520 

3.97 

3.99 

0.13  - 

0.265 

f)  MODEL  3; 

RANCH  HANDS  AND  COMPARISONS  BY  DibxiN  CATEGORY  —  ADJUSTED 

Dioxin  Gat^ory 

n 

Adj. 

Mean®® 

Difference  of  Adj. 
Mean  vs.  Comparisons 
(95%  C.I.)® 

p-Value** 

Covariate  Remarks 

Comparison 

1,063 

3.82 

AGE*RACE  (p=0.014) 
OCC  (p =0.076) 

Background  RH 

374 

3.94 

0.12  - 

0.322 

Low  RH 

260 

4.15 

0.33  - 

0.019 

High  RH 

260 

3.73 

-0.09  - 

0.516 

Low  plus  High  RH 

520 

4.00 

0.18  ~ 

0.286 

®  Transformed  from  natural  logarithm  scale. 

**  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Difference  of  adjusted  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of 
adjusted  means  not  presented  because  analysis  was  performed  on  natural  logarithm  scale. 

**  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  :<143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  18-67.  (Continued) 

Analysis  of  Luteinizing  Hormone  (LH)  (mlU/ml) 
(Continuous) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  —  CURRENT  DIOXIN  —  UNADJUSTED 


Current  Dioxin  Category 
Mean“/(n)  j 

Analysis  Results  for  Log2 
(Current  Dioxin  +  1) 

Model*’ 

.  :LOW 

Medium 

High 

R* 

Slope 

(Std.  Error)*’ 

p-Value 

4 

4.05 

(295) 

4.20 

(300) 

3.76 

(299) 

0.005 

-0.024  (0.012) 

0.035 

5 

4.06 

(300) 

4.15 

(297) 

3.79 

(297) 

0.004 

-0.019  (0.010) 

0.052 

60 

4.08 

(299) 

4.15 

(297) 

3.77 

(297) 

0.005 

-0.023  (0.011) 

0.035 

MODELS  4,  5,  AND  6;  RANCH  HANDS  -  CUMtE^ 


Current  Dioxin  Category 
Adjusted  Mean^(n) 

.-.i.AiMil 

ysis 

uitent  Dioxin  - 

1) 

Model*’ 

Low 

Medium 

High 

Adj,  Slope 
(ftd.  Eifqr)*’ 

p- Value 

Covariate  Remarks 

4 

4.01 

(295) 

4.13 

(300) 

3.85 

(299) 

0.027 

-0.013  (0.012) 

0.264 

AGE  (p <0.001) 

5 

4.02 

(300) 

4.09 

(297) 

3.88 

(297) 

0.027 

-0.011  (0.010) 

0.280 

AGE  (p <0.001) 

6‘ 

4.03 

(299) 

4.09 

(297) 

3.87 

(297) 

0.027 

-0.012  (0.011) 

0.264 

AGE  (p<0.001) 

*  Transformed  from  natural  logarithm  scale. 


**  Model  4:  Log2  (lipid-adjusted  current  dioxin  -(-  1). 

Model  5:  Logj  (whole-weight  current  dioxin  -I-  1). 

Model  6:  Logj  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

®  Slope  and  standard  error  based  on  natural  logarithm  of  luteinizing  hormone  versus  log2  (current  dioxin  +  1). 
Adjusted  for  log2  total  lipids. 

®  Adjusted  for  logj  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  :£8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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Luteinizing  Hormone  (Discrete) 

Results  from  the  Model  1  analyses  of  luteinizing  hormone  in  its  discrete  form  were 
nonsignificant  (Table  18-68(a,b):  p>0.16  for  all  analyses).  Age  was  retained  in  the  adjusted 
analysis. 

The  unadjusted  analysis  for  Model  2  did  not  reveal  a  significant  relationship  between 
initial  dioxin  and  luteinizing  hormone  in  its  discrete  form  (Table  18-68(c):  p=0.202).  After 
adjusting  for  age,  the  association  between  initial  dioxin  and  luteinizing  hormone  became 
significant  (Table  18-68(d):  p=0.042,  Adj.  RR==1.92). 

In  Model  3,  the  unadjusted  and  adjusted  analyses  of  luteinizing  hormone  revealed  no 
significant  differences  between  the  Ranch  Hand  categories  and  Comparisons  (Table  18-68(e,f): 
p>0.15  for  all  contrasts).  Age  was  retained  in  the  adjusted  analysis. 

The  unadjusted  and  adjusted  analyses  for  Models  4  through  6  did  not  reveal  any 
significant  associations  between  luteinizing  hormone  and  current  dioxin  (Table  18-68(g,h): 
p>0,28  for  unadjusted  and  adjusted  analyses).  In  each  of  Models  4,  5,  and  6,  the  final 
adjusted  model  contained  age.  In  Model  6,  occupation  also  was  retained  in  the  adjusted 
model. 

Follicle  Stimulating  Hormone  (Continuous) 

Ranch  Hands  did  not  differ  significantly  from  Comparisons  in  the  Model  1  unadjusted 
and  adjusted  analyses  of  follicle  stimulating  hormone  (Table  18-69(a,b):  p^.33  for  all 
analyses).  Age  and  occupation  were  retained  in  the  adjusted  analysis. 

The  unadjusted  and  adjusted  analyses  for  Model  2  did  not  show  a  significant  relationship 
between  follicle  stimulating  hormone  in  its  continuous  form  and  initial  dioxin  (Table 
18-69(c,d):  p>0.10  for  unadjusted  and  adjusted  analyses).  Age  was  retained  in  the  final 
adjusted  model. 

The  unadjusted  analysis  of  Model  3  revealed  a  marginally  significant  difference  in  means 
between  the  low  Ranch  Hands  and  Comparisons  (Table  18-69(e):  p=0.079).  The  mean  level 
of  follicle  stimulating  hormone,  adjusted  for  percent  body  fat  at  time  of  duty  in  SEA  and 
percent  body  fat  from  time  of  duty  in  SEA  to  the  date  of  the  blood  draw  for  dioxin,  was  4.67 
mlU/ml  in  Ae  background  Ranch  Hand  category  as  compared  to  4.30  mlU/ml  in  the 
Comparison  group.  Adjusting  for  covariates  in  Model  3  did  not  reveal  a  significant 
association  between  follicle  stimulating  hormone  and  categorized  dioxin  (Table  18-69(f): 
p>0.18  for  all  adjusted  contrasts).  Age  and  race  were  significant  in  the  final  adjusted  model. 

The  imadjusted  and  adjusted  analyses  for  Models  4,  5,  and  6  did  not  reveal  any 
significant  associations  between  current  dioxin  and  follicle  stimulating  hormone  (Table 
18-69(g,h):  p>0.22  for  unadjusted  and  adjusted  analyses).  Age  was  significant  in  each  of  the 
final  adjusted  models. 
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Table  18-68. 

Analysis  of  Luteinizing  Hormone  (LH) 

(Discrete) 

a)  MODEL  1;  RANCH  HANDS  VS.  COMPARISONS -^  UNADJUSTED 

Percent 


Occupational  Category 

Group 

■\:n  ■ 

Abnormal 

High 

:  Est.  Rdative  Risk 
(!)5%C.L) 

p-Vdue 

All 

Ranch  Hand 

952 

1.7 

0.82  (0.44,1.55) 

0.656 

Comparison 

1,280 

2.0 

Officer 

Ranch  Hand 

367 

1.4 

0.48  (0.17,1.35) 

0.236 

Comparison 

502 

2.8 

Enlisted  Flyer 

Ranch  Hand 

162 

2.5 

1.25  (0.31,5.09) 

0.999 

Comparison 

202 

2.0 

Enlisted  Groundcrew 

Ranch  Hand 

423 

1.7 

1.20  (0.43,3.32) 

0.938 

Comparison 

576 

1.4 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 


Occupational  Category 

Adj.  Relative  Risk 

■■■  ■  ■.;:(95%C.LU;-' 

p-Value 

Covariate  Remarks^ 

All 

0.81  (0.43,1.54) 

0.519 

AGE  (p <0.001) 

Officer 

0.48  (0.17,1.35) 

0.165 

Enlisted  Flyer 

1.22  (0.30,5.01) 

0.785 

Enlisted  Groundcrew 

1.17  (0.41,3.34) 

0.765 

^  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  18-68.  (Continued) 
Analysis  of  Luteinizing  Hormone  (LH) 
(Discrete) 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Logj  (Initial  Dioxin)^ 

Initial  Dioxin 

n 

Percent 

Abnormal 

High 

Estimated  Rdative  Ri^ 

(95%  CJ.)^ 

p-Value 

Low 

174 

1.2 

1.46  (0.83,2.57) 

0.202 

Medium 

173 

1.2 

High 

173 

1.2 

d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  - 

ADJUSTED 

n 

Analysis  Results  for  Log2  (Initial  Dioxin)^ 
Adj.  Relative  Risk  (95%  C.L)*'  p-Value 

Covariate  Remarits 

520 

1.92(1.04,3.52)  0.042 

AGE  (p<0.001) 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

'  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >  98-232  ppt;  High  =  >232  ppt. 
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Table  18-68.  (Continued) 
Analysis  of  Luteinizing  Hormone  (LH) 
(Discrete) 


€)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


Dioxin  Cat^ory 

n 

Percent 

Abnormal  High 

Est.  Relative  Risk 
"  (95% 

p-Value 

Comparison 

1,063 

2.2 

Background  RH 

374 

2.4 

1.10(0.50,2.42) 

0.811 

LowRH 

260 

1.2 

0.50(0.15,1.69) 

0.267 

HighRH 

260 

1.2 

0.53  (0.16,1.78) 

0.303 

Low  plus  High  RH 

520 

1.2 

0.51  (0.21,1.28) 

0.153 

f)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  ADJUSTED 

Dioxin  Category 

n 

Adj.  Relative  Risk 
(95%  C.L)^ 

p-Value 

Covariate  Remarks 

Comparison 

1,063 

AGE  (p <0.001) 

Background  RH 

374 

0.99  (0.44,2.21) 

0.978 

LowRH 

260 

0.45  (0.13,1.56) 

0.208 

HighRH 

260 

0.74  (0.22,2.58) 

0.640 

Low  plus  High  RH 

520 

0.56  (0.22,1.43) 

0.226 

^  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  ==  Ranch  Hand. 

Comparison:  Current  Dioxin  <10  ppt. 

Background  (Ranch  Hand);  Current  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  18-68.  (Continued) 
Analysis  of  Luteinizing  Hormone  (LH) 
(Discrete) 


5,  AND  6:^  CURRENT  DIOXIN  —  UNADJUSTED 


Current  Dioxin  Category 

Percent  Abnormal  lRgh/(n) 

.  Analysis  Results  for  Log2 
(Curr^t  Dioxin  +  1) 

Model^ 

Low 

Medium 

High 

Est.  Relative  Risk 
(95%  C.I.)'’ 

p-Value 

4 

2.0 

(295) 

1.7 

(300) 

1.3 

(299) 

0.87  (0.60,1.26) 

0.454 

5 

2.3 

(300) 

1.0 

(297) 

1.7 

(297) 

0.92  (0.68,1.24) 

0.576 

6' 

2.3 

(299) 

1.0 

(297) 

1.7 

(297) 

0.86(0.62,1.18) 

0.356 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  — 

CURRENT  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (Current  Diomn  4-  1) 

Adj.  Relative  Risk 

ModeP 

7y:n 

(95%  CJ.)'’ 

p-Value 

Covariate  Remarks 

4 

894 

0.97  (0.64,1.48) 

0.883 

AGE  (p  <0.001) 

5 

894 

1.00  (0.70,1.41) 

0.982 

AGE  (p <0.001) 

6^ 

893 

0.81  (0.56,1.17) 

0.281 

AGE  (p<  0.001) 

OCC(p=0.141) 

®  Model  4:  Log2  (lipid-adjusted  current  dioxin  4-1). 

Model  5:  Log2  (whole-weight  current  dioxin  +  1). 

Model  6:  Log^  (whole-weight  current  dioxin  +1),  adjusted  for  log2  total  lipids. 


^  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

^  Adjusted  for  log2  total  lipids. 

^  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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Table  18-69. 

Analysis  of  Follicle  Stimulating  Hormone  (FSH)  (mlU/ml) 

(Continuous) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  UNADJUSTED 


Occupational 

Category 

Group 

M 

Difference  of  Means 

p-Valu€^ 

All 

Ranch  Hand 

952 

4.41 

0.08- 

0.535 

Comparison 

1,280 

4.33 

Officer 

Ranch  Hand 

367 

4.66 

0.12  - 

0.581 

Comparison 

502 

4.54 

Enlisted  Flyer 

Ranch  Hand 

162 

4.63 

0.33  - 

0.330 

Comparison 

202 

4.30 

Enlisted  Groundcrew 

Ranch  Hand 

423 

4.12 

-0.04  - 

0.812 

Comparison 

576 

4.16 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  ADJUSTED 


Occupational 

Category 

Group 

n 

Adj. 

Mean^ 

Difference  of  Adj. 
Means  (95%  C.!.)** 

p-Value' 

Govariate  Remarks^ 

All 

Ranch  Hand 

952 

4.37 

0.06  - 

0.631 

AGE  (p  <0.001) 

Comparison 

1,280 

4.31 

OCC  (p=0.131) 

Officer 

Ranch  Hand 

367 

4.28 

0.07  - 

0.717 

Comparison 

502 

4.21 

Enlisted 

Ranch  Hand 

162 

4.42 

0.29  - 

0.336 

Flyer 

Comparison 

202 

4.13 

Enlisted 

Ranch  Hand 

423 

4.49 

-0.04  - 

0.838 

Groundcrew 

Comparison 

576 

4.53 

^  Transformed  from  the  natural  logarithm  scale. 

^  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 

^  P-values  based  on  difference  of  means  on  natural  logarithm  scale. 

^  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  18-69.  (Continued) 

Analysis  of  Follicle  Stimulating  Hormone  (FSH)  (mlU/ml) 

(Continuous) 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Cat^oiy  Summary  Statistics 

Analysis  Results  for  Logj  (Initial  Dioxin)'’ 

Initial  Dioxin 

JJ,. 

Mean^ 

Adlj. 

Mean"^,  , 

R^ 

Slope 

(Std.  Error)' 

p- Value 

Lx)w 

174 

4.95 

4.95 

0.009 

-0.035  (0.022) 

0.109 

Medium 

173 

4.24 

4.25 

High 

173 

4.08 

4.06 

d)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN  -  ADJUSTED 


Initial  Dioxin  Category  Summary 
Statistics 


Initial  Dioxin 


Adj. 

Mean®^ 


Analysis  Results  for  Logj  (Initial  Dioxin)" 


Adj.  Slope 

R^  (Std.  Error)"  p-Value 


Covariate  Remarks 


Low 

174 

4.74 

0.053  -0.003  (0.023)  0.903 

AGE  (p <0.001) 

Medium 

173 

4.21 

High 

173 

4.28 

"  Transformed  from  natural  logarithm  scale. 


**  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


"  Slope  and  standard  error  based  on  namral  logarithm  of  follicle  stimulating  hormone  versus  log2  (initial  dioxin). 

**  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  18-69.  (Continued) 

Analysis  of  Follicle  Stimulating  Hormone  (FSH)  (mlU/ml) 

(Continuous) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


Dioxin  Cat^ory 

n 

Mean® 

Adj. 

Mean* 

Difference  of  Adj. 

Mean  vs.  Comparisons 

{95%  cxr 

p-Value*^ 

Comparison 

1,063 

4.30 

4.30 

Background  RH 

374 

4.42 

4.43 

0.13  ~ 

0.465 

LowRH 

260 

4.71 

4.67 

0.37  - 

0.079 

High  RH 

260 

4.12 

4.13 

-0.17  - 

0.377 

Low  plus  High  RH 

520 

4.41 

4.39 

0.09  ~ 

0.575 

D  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

Adj. 

Mean  vs.  Comparisons 

Dioxin  Gat<^ory 

■■  :.^  n  , 

Mean®' 

;^|p"^aliie^  ■: 'f 

Covariate  Remarks 

Comparison 

1,063 

4.10 

AGE  (p <0.001) 

RACE  (p=0.089) 

Background  RH 

374 

4.08 

-0.02  - 

0.923 

LowRH 

260 

4.35 

0.25  - 

0.187 

HighRH 

260 

4.18 

0.08  - 

0.644 

Low  plus  High  RH 

520 

4.27 

0.17  ~ 

0.249 

^  Transformed  from  natural  logarithm  scale. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Difference  of  adjusted  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of 
adjusted  means  not  presented  because  analysis  was  performed  on  natural  logarithm  scale. 

**  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

'  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  ^  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  ^  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 


Table  18-69.  (Continued) 

Analysis  of  Follicle  Stimulating  Hormone  (FSH)  (mlU/ml) 

(Continuous) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  UNADJUSTED 


Current  Dioxin  Category 
Mean^/(n) 

Medium 

Analysis  Results  for  Log2 

Model” 

Law 

High 

R* 

Slope  . 

(Std.  Error)*^ 

p-Value 

4 

4.42 

(295) 

4.75 

(300) 

4.09 

(299) 

0.001 

-0.014  (0.016) 

0.383 

5 

4.44 

(300) 

4.62 

(297) 

4.17 

(297) 

<0.001 

-0.006  (0.013) 

0.640 

6^ 

4.55 

(299) 

4.63 

(297) 

4.08 

(297) 

0.004 

-0.018  (0.014) 

0.226 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  ADJUSTED 


Current  Dioxin  Category 
Adjusted  MeanV(n) 

Analysis  Results  for  Logj 
:  ;  (Current  Dioxin  +  1) 

Model” 

Low 

Medium 

High 

Adj.  Slope 
(Std-Error)*^ 

rijp-Vj^ue 

Covariate  Remarks 

4 

4.32 

(295) 

4.58 

(300) 

4.33 

(299) 

0.066 

0.012  (0.016) 

0.423 

AGE  (p  <0.001) 

5 

4.36 

(300) 

4.47 

(297) 

4.40 

(297) 

0.066 

0.013  (0.013) 

0.317 

AGE  (p <0.001) 

6' 

4.43 

(299) 

4.48 

(297) 

4.34 

(297) 

0.067 

0.006  (0.014) 

0.664 

AGE  (p <0.001) 

^  Transformed  from  natural  logarithm  scale. 

Model  4:  Logj  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Logj  (whole- weight  current  dioxin  +1). 

Model  6:  Log2  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

^  Slope  and  standard  error  based  on  natural  logarithm  of  follicle  stimulating  hormone  versus  log2  (current 
dioxin  +  1). 

Adjusted  for  log2  total  lipids. 

®  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note;  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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Follicle  Stimulating  Hormone  (Discrete) 

In  both  the  unadjusted  and  adjusted  Model  1  analyses  of  follicle  stimulating  hormone, 
Ranch  Hands  in  the  officer  stratum  possessed  a  significantly  greater  percentage  of 
abnormalities  than  Comparisons,  although  the  unadjusted  contrast  was  only  marginally 
significanf  (Table  18-70(a,b):  p=0.062,  Est.  RR=1.85  for  the  imadjusted  analysis  and 
p=0.046,  Adj.  RR=1.86  for  the  adjusted  analysis).  All  other  group  contrasts  were 
nonsignificant  (p>0.21).  Age  was  the  only  covariate  retained  in  the  adjusted  analysis. 

The  imadjusted  and  adjusted  analyses  of  Models  2  through  6  did  not  reveal  any 
significant  associations  between  dioxin  and  follicle  stimulating  hormone  in  its  categorized 
form  (Table  18-70(c-h):  p>0.15  for  all  unadjusted  and  adjusted  analyses).  Adjusting  for 
covariates  in  Model  2  revealed  a  significant  age-by-race  interaction.  Age  was  significant  in 
the  final  adjusted  model  for  Models  3  through  6. 

Longitudinal  Analysis 

Longitudinal  analyses  were  conducted  on  the  composite  diabetes  indicator,  TSH,  fasting 
glucose,  2-hour  postprandial  glucose,  and  total  testosterone  to  examine  whether  changes  across 
time  differed  with  respect  to  group  membership  (Model  1),  initial  dioxin  (Model  2),  and 
categorized  dioxin  (Model  3).  Models  4,  5,  and  6  were  not  examined  in  longitudinal  analyses 
because  current  dioxin,  the  measure  of  exposure  in  these  models,  changes  over  time  and  is  not 
available  for  all  participants  for  1982,  1985,  or  1992.  The  longitudinal  analyses  were 
conducted  on  TSH,  fasting  glucose,  2-hour  postprandial  glucose,  and  total  testosterone  in  both 
continuous  and  discrete  forms.  The  longitudinal  analyses  of  2-hour  posQ)randial  glucose  were 
restricted  to  nondiabetics;  the  other  longitudinal  analyses  were  conducted  on  all  participants 
with  available  data. 

The  longitudinal  analysis  for  the  continuous  variables  (TSH,  fasting  glucose,  2-hour 
postprandial  glucose,  and  total  testosterone)  examined  the  paired  difference  between  the 
measurements  from  1982  and  1992.  Each  of  the  three  models  used  in  the  longitudinal 
analysis  were  adjusted  for  age  and  the  dependent  variable  measured  in  1982.  The  analyses  of 
Models  2  and  3  also  were  adjusted  for  percent  body  fat  at  time  of  duty  in  SEA  and  change  in 
percent  body  fat  from  the  time  of  duty  in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

The  longitudinal  analyses  for  the  discrete  variables  (composite  diabetes  indicator,  TSH, 
fasting  glucose,  2-hour  postprandial  glucose,  and  total  testosterone)  examined  relative  risks  at 
the  1992  examination  for  participants  who  were  classified  as  normal  at  the  1982  examination. 
Participants  considered  abnormal  in  1982  were  excluded  because  the  focus  of  the  analyses  was 
on  investigating  the  temporal  effects  of  dioxin  during  the  period  between  1982  and  1992. 
Participants  considered  abnormal  in  1982  were  already  abnormal  before  this  period; 
consequently,  only  participants  considered  normal  at  the  1982  examination  were  considered  to 
be  at  risk  when  the  effects  of  dioxin  over  time  were  explored.  The  rate  of  abnormalities 
under  this  restriction  approximates  an  incidence  rate  between  1982  and  1992.  All  three 
models  were  adjusted  for  age;  Models  2  and  3  also  were  adjusted  for  percent  body  fat  at  the 
time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty  in  SEA  to  the  date 
of  the  blood  draw  for  dioxin. 
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Table  18-70. 

Analysis  of  Follicle  Stimulating  Hormone  (FSH) 
(Discrete) 


a)  MODEL  1:  RANCH  HANDS  VS. 

COMPARISONS 

-UNADJUSTED 

Occupational  Category 

Group 

n 

Percent 

Abnormal 

High 

Est.  Relative  Risk 
(95%  C.I.) 

p-Vaiue 

All 

Ranch  Hand 

950 

4.9 

1.30  (0.87,1.96) 

0.241 

Comparison 

1,277 

3.8 

Officer 

Ranch  Hand 

365 

7.1 

1.85  (1.02,3.37) 

0.062 

Comparison 

502 

4.0 

Enlisted  Flyer 

Ranch  Hand 

162 

6.2 

1.26  (0.51,3.11) 

0.782 

Comparison 

202 

5.0 

Enlisted  Groundcrew 

Ranch  Hand 

423 

2.6 

0.78  (0.37,1.65) 

0.652 

Comparison 

573 

3.3 

b)  MODEL  ! 

:  RANCH  HANDS  vs. 

COMPARISONS 

-ADJUSTED 

Occupational  Categoiy 

Adj.  Relative  Risk 
(95%  C.L) 

p-Value 

Covariate  Remarks^ 

All 

1.30  (0.86,1.98) 

0.217 

AGE  (p  <0.001) 

Officer 

1.86(1.01,3.42) 

0.046 

Enlisted  Flyer 

1.23  (0.50,3.08) 

0.625 

Enlisted  Groundcrew 

0.77  (0.36,1.66) 

0.502 

^  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  18-70.  (Continued) 

Analysis  of  Follicle  Stimulating  Hormone  (FSH) 
(Discrete) 


d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 
n  Adj.  Relative  Risk  (95%  C.L)'’  p-Value  Covariate  Remarics 


520  1.15  (0.83,1.60)  0.408  AGE*RACE  (p =0.009) 


®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

*’  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  18-70.  (Continued) 

Analysis  of  Follicle  Stimulating  Hormone  (FSH) 
(Discrete) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


Dioxin  Category 

n 

Percent 

Abnormal  ffigh 

Est.  Rdative  Risk 
(95%  C.I.)* 

p-Value 

Comparison 

1,063 

3.7 

Background  RH 

374 

5.3 

1.44  (0.82,2.52) 

0.204 

Low  RH 

260 

5.8 

1.56(0.84,2.89) 

0.159 

HighRH 

260 

3.5 

0.96  (0.46,2.02) 

0.918 

Low  plus  High  RH 

520 

4.6  ' 

1.27  (0.75,2.14) 

0.378 

f)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  ADJUSTED 

Dioxin  Category 

n 

Adj.  Relative  Risk 
(95%  CX)^ 

p-Value 

Covariate  Ranarks 

Comparison 

1,063 

AGE  (p <0.001) 

Background  RH 

374 

1.32  (0.75,2.32) 

0.341 

LowRH 

260 

1.47  (0.79,2.75) 

0.230 

HighRH 

260 

1.25  (0.58,2.66) 

0.569 

Low  plus  High  RH 

520 

1.38  (0.81,2.35) 

0.242 

^  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

*’  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  18-70.  (Continued) 

Analysis  of  Follicle  Stimulating  Honnone  (FSH) 
(Discrete) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  —  CURRENT  DIOXIN  -  UNADJUSTED 


Current  Dioxin  Category 

Percent  Abnormal  Higfa/(n) 

Analysis  Results  for  Log2 
(Curr^t  Dioxin  -f  1) 

Model® 

Low 

Medium 

High 

Est.  Rdbtive  Risk 

(95%  €.!.)*>  p-Value 

4 

4.4 

(295) 

7.0 

(300) 

3.3 

(299) 

0.97  (0.79,1.20) 

0.787 

5 

5.0 

(300) 

5.7 

(297) 

4.0 

(297) 

1.00  (0.84,1.20) 

0.973 

6*= 

5.0 

(299) 

5.7 

(297) 

4.0 

(297) 

0.96  (0.79,1.16) 

0.653 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS- 

CURRENT  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Log2  (Current  Dioxin  +1) 

Model® 

n 

Adj.  Relative  Risk 
(95%C.L)'’ 

p-Value 

Covariate  Remarks 

4 

894 

1.07  (0.85,1.35) 

0.543 

AGE  (p  <0.001) 

5 

894 

1.09  (0.89,1.32) 

0.409 

AGE  (p  <0.001) 

6^ 

893 

1.05  (0.85,1.30) 

0.676 

AGE  (p<  0.001) 

^  Model  4:  Logj  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Logi  (whole-weight  current  dioxin  1). 

Model  6:  Logj  (whole-weight  current  dioxin  -f  1),  adjusted  for  log2  total  lipids. 


**  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

'  Adjusted  for  log2  total  lipids. 

**  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  ^  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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Medical  Records  and  Laboratory  Variable 


Composite  Diabetes  Indicator 

No  significant  results  were  disclosed  in  the  longitudinal  analyses  of  composite  diabetes 
indicator  for  Models  1,  2,  and  3  (Table  18-71(a-c):  p>0.25  for  all  analyses). 

Laboratory  Variables 

Thyroid  Stimulating  Hormone  (TSH)  (Continuous) 

Thyroid  stimulating  hormone  (TSH)  group  differences  of  examination  mean  change 
(from  1982  to  1992)  overall  by  occupation  and  within  the  officer  and  enlisted  groundcrew 
strata  were  nonsignificant  (Table  18-72(a):  p>0.53  for  each  analysis).  The  enlisted  flyer 
stratum  displayed  a  marginally  significant  difference  of  examination  mean  change  (p=0.082, 
Diff  of  Exam.  Mean  Change=0.54). 

The  Model  2  longitudinal  analysis  was  nonsignificant  (Table  18-72(b):  p=0.909).  Also, 
each  Model  3  difference  of  examination  mean  change  between  Ranch  Hands  and  Comparisons 
was  nonsignificant,  except  for  the  high  Ranch  Hand  difference  (Table  18-72(c):  p>0.35  for 
each  difference).  Results  were  marginally  significant  for  the  difference  between  high  Ranch 
Hands  and  Comparisons.  High  Ranch  Hands  exhibited  a  smaller  decrease  in  examination 
means  from  1982  to  1992  than  Comparisons  (Table  18-72(c):  p=0.088,  Diff.  of  Exam.  Mean 
Change=0.28). 

Thyroid  Stimulating  Hormone  (Discrete) 

The  Model  1  Ranch  Hand  versus  Comparison  contrast  within  the  officer  strata  displayed 
a  marginally  significant  difference  in  thyroid  stimulating  hormone  abnormality  rates  (Table 
18-73(a):  p=0.090,  Adj.  RR=0.41).  Conditioned  on  normality  in  1982,  Comparisons 
exhibited  a  higher  percentage  of  abnormalities  in  1992  than  Ranch  Hands.  All  other  Model  1 
contrasts  were  nonsignificant,  as  well  as  all  remaining  Model  2  and  Model  3  analyses  (Table 
18-73(a-c):  p>0.1 1).  All  analyses  were  restricted  to  participants  who  had  normal  thyroid 
stimulating  hormone  levels  in  1982. 

Fasting  Glucose  (All  Participants — Continuous) 

The  Model  1  analysis  of  fasting  glucose  did  not  reveal  a  significant  overall  difference  of 
examination  mean  change  between  Ranch  Hands  and  Comparisons  (Table  18-74(a):  p=0.369). 
Analyses  conducted  within  each  occupational  strata  also  were  nonsignificant  (p>0.18  for  each 
analysis).  The  Model  2  analysis  displayed  a  marginally  significant  positive  association 
between  initial  dioxin  and  the  difference  between  fasting  glucose  in  1992  and  fasting  glucose 
in  1982  (Table  18-74(b):  p=0.072,  Adj.  Slope=0.011).  All  Model  3  contrasts  between  the 
Ranch  Hand  categories  and  Comparisons  were  nonsignificant  from  the  analysis  of  fasting 
glucose  in  all  participants  (Table  18-74(c):  p>0.27  for  all  analyses). 
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Table  18-71. 

Longitudinal  Analysis  of  Composite  Diabetes  Indicator 


_ a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 

Percent  AbnonnaI/(n) 

^  ,  Examination 

Occupational  - 


Cat^oiy 

Group 

1982 

1985 

1987 

1992 

All 

Ranch  Hand 

4.1 

8.8 

10.3 

15.6 

(898) 

(877) 

(866) 

(898) 

Comparison 

3.9 

9.1 

10.3 

14.9 

(1,060) 

(1,035) 

(1,029) 

(1,060) 

Officer 

Ranch  Hand 

4.1 

9.3 

10.0 

15.7 

(338) 

(333) 

(331) 

(338) 

Comparison 

2.5 

7.1 

8.2 

12.4 

(404) 

(395) 

(391) 

(404) 

Enlisted  Flyer 

Ranch  Hand 

4.4 

7.6 

8.4 

15.7 

(159) 

(157) 

(155) 

(159) 

Comparison 

5.7 

10.5 

12.1 

17.7 

(175) 

(172) 

(173) 

(175) 

Enlisted 

Ranch  Hand 

4.0 

8.8 

11.3 

15.5 

Groundcrew 

(401) 

(387) 

(380) 

(401) 

Comparison 

4.4 

10.3 

11.4 

16.0 

(481) 

(468) 

(465) 

(481) 

Occupational  „ 
Category 

Group 

Normal  in  1982 

Percent 

n  in  1992  Abnormal 

in  1992 

Adj.  Relative 
Risk  (95%  C.I.) 

p-Value 

All 

Ranch  Hand 

861 

12.0 

1.07(0.81,1.43) 

0.629 

Comparison 

1,019 

11.5 

Officer 

Ranch  Hand 

324 

12.0 

1.25  (0.78,2.01) 

0.357 

Comparison 

394 

10.2 

Enlisted  Flyer 

Ranch  Hand 

152 

11.8 

0.92  (0.47,1.81) 

0.808 

Comparison 

165 

12.7 

Enlisted 

Ranch  Hand 

385 

12.0 

1.03  (0.67,1.57) 

0.895 

Groundcrew 

Comparison 

460 

12.2 

^  Relative  risk,  confidence  interval,  and  p-values  are  in  reference  to  a  contrast  of  1982  and  1992  results;  results 
adjusted  for  age  in  1992. 


Note:  Sununary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 

Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes 
for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations.  Statistical  analyses  are  based 
only  on  participants  who  did  not  have  diabetes  or  a  2-hour  postprandial  glucose  level  >200  mg/dl  in 
1982  (see  Chapter  7,  Statistical  Methods). 
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Table  18-71.  (Continued) 

Longitudinal  Analysis  of  Composite  Diabetes  Indicator 


b)  MODEL  2: 

RANCH  HANDS  - 

INITIAL  DIOXIN 

Percent  AbnonnaI/(n) 

Examination 

Initial  Dioxin 

1982 

1985  wi- 

1987 

1992 

Low 

4.8 

9.8 

10.8 

18.7 

(166) 

(163) 

(166) 

(166) 

Medium 

4.2 

11.0 

10.4 

18.5 

(168) 

(163) 

(163) 

(168) 

High 

7.1 

13.3 

16.1 

20.2 

(168) 

(166) 

(162) 

(168) 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  L<^2  0  Dioxin) 

Normal  in  1982 

Percent  Abnormal 

Adj.  Itelatire  Risk 

Initial  Dioxin 

n  in  1992 

in  1992 

(95%  C.I.) 

p-Value 

Low 

158 

14.6 

1.10  (0.89,1.36) 

0.375 

Medium 

161 

14.9 

High 

156 

14.1 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 

SEA  to  date  of  blood  draw  for  dioxin,  and  age  in  1992. 

^  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 
Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes 
for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations.  Statistical  analyses  are  based 
only  on  participants  who  did  not  have  diabetes  or  a  2-hour  postprandial  glucose  level  >200  Mg/dl  in 
1982  (see  Chapter  7,  Statistical  Methods). 
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Table  18-71.  (Continued) 

Longitudinal  Analysis  of  Composite  Diabetes  Indicator 


c)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

Percent  Abnonnal/(n) 
Examination 

Dioxin  Cat^ory 

1982 

1985 

1987 

1992 

Comparison 

3.7 

8.7 

10.1 

14.9 

(914) 

(902) 

(902) 

(914) 

Background  RH 

2.9 

5.9 

7.5 

11.7 

(341) 

(338) 

(334) 

(341) 

LowRH 

4.4 

11.2 

11.4 

19.7 

(248) 

(242) 

(246) 

(248) 

HighRH 

6.3 

11.6 

13.5 

18.5 

(254) 

(250) 

(245) 

(254) 

Low  plus  High  RH 

5.4 

11.4 

12.4 

19.1 

(502) 

(492) 

(491) 

(502) 

Normal  in  1982 

Percent  Abnormal 


Dioxin  Categoiy 

n in  1992 

in  1992 

(95%C.L) 

p-Value 

Comparison 

880 

11.6 

Backgroimd  RH 

331 

9.1 

0.90  (0.57,1.40) 

0.633 

LowRH 

237 

16.0 

1.28  (0.83,1.98) 

0.255 

HighRH 

238 

13.0 

1.15  (0.72,1.83) 

0.566 

Low  plus  High  RH 

475 

14.5 

1.22  (0.86,1.73) 

0.268 

^  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  date  of  blood  draw  for  dioxin,  and  age  in  1992. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt.  <  Initial  Dioxin  <143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  puiposes  for  participants  who  attended  the 
Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes 
for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations.  Statistical  analyses  are  based 
only  on  participants  who  did  not  have  diabetes  or  a  2-hour  postprandial  glucose  level  >200  mg/dl  in 
1982  (see  Chapter  7,  Statistical  Methods). 
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Table  18-72. 

Longitudinal  Analysis  of  Thyroid  Stimulating  Hormone  OtIU/ml)  (TSH) 

(Continuous) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 


Meaii/(n) 

Examination  Difference 

Occupational  . . . .  ' . Mean  of  Exam. 


Category 

Group 

1982 

1985 

1987 

1992 

Change* 

Mean  Change 

p-Value^ 

All 

Ranch  Hand 

3.89 

(880) 

1.40 

(857) 

1.12 

(845) 

2.11 

(880) 

-1.78 

0.04 

0.543 

Comparison 

3.75 

(1,024) 

1.31 

(1,001) 

1.04 

(998) 

1.92 

(1,024) 

-1.82 

Officer 

Ranch  Hand 

4.00 

(329) 

1.51 

(323) 

1.21 

(321) 

2.30 

(329) 

-1.70 

0.04 

0.640 

Comparison 

3.71 

(384) 

1.30 

(376) 

1.05 

(373) 

1.97 

(384) 

-1.74 

Enlisted  Flyer 

Ranch  Hand 

3.70 

(155) 

1.30 

(153) 

1.01 

(149) 

2.21 

(155) 

-1.49 

0.54 

0.082 

Comparison 

4.03 

(171) 

1.39 

(168) 

1.15 

(170) 

2.00 

(171) 

-2.03 

Enlisted 

Groundcrew 

Ranch  Hand 

3.86 

(396) 

1.34 

(381) 

1.09 

(375) 

1.91 

(396) 

-1.95 

-0.14 

0.534 

Comparison 

3.68 

(469) 

1.27 

(457) 

1.00 

(455) 

1.86 

(469) 

-1.81 

®  Difference  between  1992  and  1982  examination  means. 


’’  Results  adjusted  for  thyroid  stimulating  hormone  in  1982  and  age  in  1992. 


Note:  Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 

Baseline,  1982,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes 
for  participants  who  attended  the  1985,  1987,  and  1992  examinations. 
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Table  18-72.  (Continued) 

Longitudinal  Analysis  of  Thyroid  Stimulating  Hormone  (^lU/ml)  (TSH) 

(Continuous) 


b)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN 


Initial 

Dioxin 

Initial  Dioxin  Category  Sunnnary  Statistics 

Mean/(n) 

Examination 

Analysis  Results  for  Dioxin)^ 

1982 

1985 

1987 

1992 

Adj.  Slope  (Std.  Error)  p-Value 

Low 

3.82 

(162) 

1.32 

(159) 

1.05 

(160) 

1.86 

(162) 

-0.017(0.151)  0.909 

Medium 

3.78 

(167) 

1.51 

(161) 

1.20 

(162) 

2.18 

(167) 

• 

High 

3.99 

(163) 

1.41 

(161) 

1.15 

(157) 

2.45 

(163) 

®  Results  based  on  difference  between  thyroid  stimulating  hormone  in  1992  and  thyroid  stimulating  hormone  in 
1982  versus  log2  (initial  dioxin);  results  adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in 
percent  body  fat  from  the  time  of  duty  in  SEA  to  date  of  blood  draw  for  dioxin,  thyroid  stimulating  hormone  in 
1982,  and  age  in  1992. 

Note;  Low  -  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 
Baseline,  1982,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes 
for  participants  who  attended  the  1985,  1987,  and  1992  examinations. 
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Table  18-72.  (Continued) 

Longitudinal  Analysis  of  Thyroid  Stimulating  Hormone  (|tIU/ml)  (TSH) 

(Continuous) 


c)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 


Mean/(n) 

Examination  Difference  of 


Dioxin  Cat^ory 

1982 

1985 

1987 

1992 

Exam. 

Mean  Change® 

Exam. 

x  Mean  Change^’ 

p-Value‘ 

Comparison 

3.75 

(883) 

1.30 

(872) 

1.05 

(873) 

1.93 

(883) 

-1.81 

Background  RH 

3.94 

(333) 

1.39 

(330) 

1.12 

(325) 

2.10 

(333) 

-1.85 

-0.04 

0.893 

LowRH 

3.77 

(243) 

1.34 

(237) 

1.07 

(240) 

1.90 

(243) 

-1.87 

-0.06 

0.791 

HighRH 

3.95 

(249) 

1.50 

(244) 

1.20 

(239) 

2.42 

(249) 

-1.53 

0.28 

0.088 

Low  plus  High  RH 

3.86 

(492) 

1.42 

(481) 

1.13 

(479) 

2.16 

(492) 

-1.70 

0.11 

0.357 

“  Difference  between  1992  and  1982  examination  means. 

**  Difference  between  Ranch  Hand  dioxin  category  and  Comparison  category. 

Results  adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of 
duty  in  SEA  to  date  of  blood  draw  for  dioxin,  thyroid  stimulating  hormone  in  1982,  and  age  in  1992. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 
Baseline,  1982,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes 
for  participants  who  attended  the  1985,  1987,  and  1992  examinations. 
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Table  18-73. 

Longitudinal  Analysis  of  Thyroid  Stimulating  Hormone  (TSH) 

(Discrete) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 

Occupational 

Category 

Percent  Abnormal  High/(n) 

.  E^tamination 

Group 

1982 

1985 

1987 

1992 

All 

Ranch  Hand 

0.7 

2.1 

2.0 

2.3 

(880) 

(857) 

(845) 

(880) 

Comparison 

0.5 

1.9 

1.6 

2.3 

(1,024) 

(1,001) 

(998) 

(1,024) 

Officer 

Ranch  Hand 

0.9 

2.5 

2.5 

2.4 

(329) 

(323) 

(321) 

(329) 

Comparison 

0.3 

1.9 

1.6 

3.7 

(384) 

(376) 

(373) 

(384) 

Enlisted  Flyer 

Ranch  Hand 

0.7 

2.0 

2.0 

2.6 

(155) 

(153) 

(149) 

(155) 

Comparison 

1.2 

1.8 

1.2 

1.2 

(171) 

(168) 

(170) 

(171) 

Enlisted 

Ranch  Hand 

0.5 

1.8 

1.6 

2.0 

Groundcrew 

(396) 

(381) 

(375)  , 

(396) 

Comparison 

0.4 

2.0 

1.8 

1.7 

(469) 

(457) 

(455) 

(469) 

Normal  in  1982 


Percent 


Occnpational 

Category 

Group 

n in  1992 

Abnormal  ;  Adji  Relative  i 
High  in  1992  Risk  05%  C  J.)" 

p-Value® 

All 

Ranch  Hand 

874 

1.7 

0.80  (0.41,1.55) 

0.503 

Comparison 

1,019 

2.2 

Officer 

Ranch  Hand 

326 

1.5 

0.41  (0.15,1.15) 

0.090 

Comparison 

383 

3.7 

Enlisted  Flyer 

Ranch  Hand 

154 

2.0 

3.36  (0.35,32.36) 

0.294 

Comparison 

169 

0.6 

Enlisted  Groundcrew 

Ranch  Hand 

394 

1.8 

1.21  (0.42,3.49) 

0.719 

Comparison 

467 

1.5 

^  Relative  risk,  confidence  interval,  and  p~values  are  in  reference  to  a  contrast  of  1982  and  1992  results;  results 

adjusted  for  age  in  1992. 

Note:  Siunmaiy  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 

Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes 
for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations.  Statistical  analyses  are  based 
only  on  participants  who  had  a  normal  thyroid  stimulating  hormone  level  in  1982  (see  Ch<q)ter  7, 
Statistical  Methods). 
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Table  18-73.  (Continued) 

Longitudinal  Analysis  of  Thyroid  Stimulating  Hormone  (TSH) 

(Discrete) 


b)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN 


Percent  Abnonnal  pgh/ (h) 
Exahiiiiation 


Hiitiai 
Dioxin  : ; 

1982 

■;^M985'' 

,1987  -  ■ 

1992 

Low 

0.0 

0.6 

0.6 

0.6 

(162) 

(159) 

(160) 

(162) 

Medium 

0.6 

2.5 

1.9 

1.2 

(167) 

(161) 

(162) 

(167) 

High 

1.2 

2.5 

3.2 

4.9 

(163) 

(161) 

(157) 

(163) 

Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Logj  (Initial  Dioxin)^ 

Normal  in  1982 

Initial 

Percent  Abnormal  High 

Adj.  Relative  Risk 

Dioxin 

n in  1992 

in  1992 

(95%  C.!.)” 

p-Value 

Low 

162 

0.6 

1.48  (0.92,2.38) 

0.116 

Medium 

166 

1.2 

High 

161 

3.7 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  date  of  blood  draw  for  dioxin,  and  age  in  1992. 


**  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


Note:  Low  =  39-98  ppt;  Medium  -  >98-232  ppt;  High  =  >232  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 
Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes 
for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations.  Statistical  analyses  are  based 
only  on  participants  who  had  a  normal  thyroid  stimulating  hormone  level  in  1982  (see  Chapter  7, 
Statistical  Methods). 


18-362 


Table  18-73.  (Continued) 

Longitudinal  Analysis  of  Thyroid  Stimulating  Hormone  (TSH) 

(Discrete) 


c)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 


Percent  Abnonnal/(n) 

Examination 

Dioxin  Category 

1982 

1985 

1987 

1992 

Comparison 

0.5 

2.0 

1.6 

2.5 

(883) 

(872) 

(873) 

(883) 

Background  RH 

0.9 

2.7 

2.5 

2.7 

(333) 

(330) 

(325) 

(333) 

LowRH 

0.0 

0.8 

0.8 

0.8 

(243) 

(237) 

(240) 

(243) 

HighRH 

1.2 

2.9 

2.9 

3.6 

(249) 

(244) 

(239) 

(249) 

Low  plus  High  RH 

0.6 

1.9 

1.9 

2.2 

(492) 

(481) 

(479) 

(492) 

Norma!  in  1982 

Percent  Abnormal  Adj«  Relative  Risk 


Dioxin  Category 

n  in  1992 

in  1992 

(95%  C.L)* 

p-Value’’ 

Comparison 

879 

2.3 

Background  RH 

330 

1.8 

0.69  (0.27,1.76) 

0.437 

Low  RH 

243 

0.8 

0.35  (0.08,1.50) 

0.155 

High  RH 

246 

2.9 

1.54(0.63,3.75) 

0.346 

Low  plus  High  RH 

489 

1.8 

0.87(0.39,1.93) 

0.723 

^  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  date  of  blood  draw  for  dioxin,  and  age  in  1992. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <10  ppt. 

Lx)w  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  Initial  Dioxin  >  143  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 
Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes 
for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations.  Statistical  analyses  are  based 
only  on  participants  who  had  a  normal  thyroid  stimulating  hormone  level  in  1982  (see  Chapter  7, 
Statistical  Methods). 
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Table  18-74. 

Longitudinal  Analysis  of  Fasting  Glucose  (mg/dl)  (All  Participants) 

(Continuous) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 


Occupational 

Category 

Mean®/(n) 

Examination 

Exam. 

Mean 

Change^ 

:  Difference 
of  Exam. 
Me^  Change 

Group 

1982 

1985 

1987 

1992 

p-Value' 

All 

Ranch  Hand 

97.66 

(899) 

99.01 

(877) 

100.61 

(867) 

104.44 

(899) 

6.78 

-1.30 

0.369 

Comparison 

96.61 

(1,060) 

98.29 

(1,037) 

100.22 

(1,033) 

104.69 

(1,060) 

8.09 

Officer 

Ranch  Hand 

98.54 

(338) 

100.46 

(333) 

101.81 

(331) 

105.45 

(338) 

6.91 

-0.51 

0.947 

Comparison 

97.19 

(403) 

97.99 

(395) 

100.33 

(391) 

104.61 

(403) 

7.42 

Enlisted  Flyer 

Ranch  Hand 

98.24 

(159) 

98.63 

(157) 

100.53 

(154) 

103.84 

(159) 

5.60 

-2.50 

0.185 

Comparison 

98.92 

(175) 

100.23 
(172)  . 

101.71 

(174) 

107.03 

(175) 

8.11 

Enlisted 

Groundcrew 

Ranch  Hand 

96.69 

(402) 

97.92 

(387) 

99.61 

(382) 

103.83 

(402) 

7.14 

-1.49 

0.587 

Comparison 

95.30 

(482) 

97.84 

(470) 

99.58 

(468) 

103.92 

(482) 

8.63 

^  Transformed  from  natural  logarithm  scale. 

Difference  between  1992  and  1982  examination  means  after  transformation  to  original  scale. 

P-value  is  based  on  analysis  of  natural  logarithm  of  fasting  glucose;  results  adjusted  for  natural  logarithm  of 
fasting  glucose  in  1982  and  age  in  1992. 

Note:  Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 

Baseline,  1982,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes 
for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations. 
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Table  18-74.  (Continued) 

Longitudinal  Analysis  of  Fasting  Glucose  (mg/dl)  (All  Participants) 

(Continuous) 


b)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN 


Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  Log2  (Inftial  Dioxin)^ 

Initial 

Dioxin 

Mean/(n) 

Examination 

1982 

1985 

1987 

1992 

Adj.  Slope  (^.  Error) 

p- Value 

Low 

97.66 

(166) 

99.78 

(163) 

101.41 

(165) 

104.73 

(166) 

0.011  (0.006) 

0.072 

Medium 

98.89 

(168) 

99.81 

(162) 

101.06 

(164) 

104.74 

(168) 

High 

98.97 

(168) 

101.22 

(166) 

104.35 

(162) 

109.29 

(168) 

®  Transformed  from  natural  logarithm  scale. 

’’  Results  based  on  difference  between  natural  logarithm  of  fasting  glucose  in  1992  and  natural  logarithm  of 
fasting  glucose  in  1982  versus  log,  (initial  dioxin);  results  adjusted  for  percent  body  fat  at  the  time  of  duty  in 
SEA,  change  in  percent  body  fat  from  the  time  of  duty  in  SEA  to  date  of  blood  draw  for  dioxin,  natural 
logarithm  of  1982  fasting  glucose,  and  age  in  1992. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 
Baseline,  1982,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes 
for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations. 
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Table  18-74.  (Continued) 

Longitudinal  Analysis  of  Fasting  Glucose  (mg/dl)  (All  Participants) 

(Continuous) 


c)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 


MeanV(n) 

Examination  Difference  of 


Dioxin  Category 

1982 

1985 

1987 

1992 

Exam. 

Mean  Change*^ 

Exam. 

Mean  Change*^ 

p-Vahie*’ 

Comparison 

96.42 

(914) 

98.27 

(903) 

100.20 

(904) 

104.39 

(914) 

7.98 

Background  RH 

97.16 

(342) 

97.66 

(339) 

98.68 

(335) 

102.45 

(342) 

5.28 

-2.69 

0.384 

Low  RH 

98.28 

(248) 

100.21 

(242) 

101.25 

(246) 

105.13 

(248) 

6.84 

-1.14 

0.435 

High  RH 

98.72 

(254) 

100.34 

(249) 

103.27 

(245) 

107.34 

(254) 

8.62 

0.64 

0.277 

Low  plus  High  RH 

98.51 

(502) 

100.28 

(491) 

102.25 

(491) 

106.24 

(502) 

7.73 

-0.24 

0.846 

^  Transformed  from  natural  logarithm  scale. 

Difference  between  1992  and  1982  examination  means  after  transformation  to  original  scale. 


Difference  between  Ranch  Hand  dioxin  category  and  Comparison  category. 

P-value  is  based  on  analysis  of  natural  logarithm  of  fasting  glucose;  results  adjusted  for  percent  body  fat  at  the 
rimpi  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in  SEA  to  the  date  of  the  blood  draw  for 
dioxin,  natural  logarithm  of  fasting  glucose  in  1982,  and  age  in  1992. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 
Baseline,  1982,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes 
for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations. 
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Fasting  Glucose  (All  Participants — ^Discrete) 

Longitudinal  analyses  of  fasting  glucose  were  conducted  among  participants  who 
exhibited  normal  levels  of  fasting  glucose  in  1982.  All  analyses  from  Models  1,  2,  and  3 
were  nonsignificant,  indicating  no  association  between  fasting  glucose  and  group,  initial 
dioxin,  or  categorized  dioxin  (Table  18-75(a-c):  p>0.14  for  all  analyses). 

2-Hour  Postprandial  Glucose  (Nondiabetics — Continuous) 

All  results  from  Models  1,  2,  and  3  were  nonsignificant  from  the  longitudinal  analysis  of 
2-hour  postprandial  glucose  in  nondiabetics  (Table  18-76(a-c):  p>0.21  for  all  analyses). 

2-Hour  Postprandial  Glucose  (Nondiabetics — ^Discrete) 

Among  nondiabetic  participants  with  normal  levels  of  2-hour  postprandial  glucose  in 
1982,  differences  among  Ranch  Hands  and  Comparisons  overall  were  foimd  marginally 
significant  from  the  Model  1  analysis  (Table  18-77(a):  p=0.081,  Adj.  RR=1.32).  Of  Ranch 
Hands,  13.5  percent  exhibited  an  impaired  level  of  2-hour  postprandial  glucose  compared  to 
10.8  percent  of  Comparisons.  Stratified  by  occupation,  the  percent  impaired  in  the  officer 
Ranch  Hand  category  was  marginally  significantly  higher  than  the  corresponding  Comparison 
category  (p=0.083,  Adj.  RR=1.59:  13.1%  vs.  8.7%  respectively).  The  Model  2  analysis  was 
limited  to  participants  with  normal  levels  of  2-hour  postprandial  glucose  and  revealed  a 
nonsignificant  association  with  initial  dioxin  (Table  18-77(b):  p=0.143). 

Among  nondiabetic  participants  with  normal  levels  of  2-hour  postprandial  glucose,  the 
background  Ranch  Hands  versus  Comparisons  and  low  Ranch  Hands  versus  Comparisons 
contrasts  were  nonsignificant  in  the  Model  3  longitudinal  analysis  of  2-hour  postprandial 
glucose  (Table  18-77(c):  p=0.975  and  p=0.352  respectively).  However,  the  high  Ranch 
Hands  and  low  plus  high  Ranch  Hands  contrasts  were  significant  (Table  18-77(c):  p=0.004, 
Adj.  RR=1.97  and  p=0.014,  Adj.  RR=1.60  respectively).  The  percentages  for  those  having  an 
impaired  level  of  2-hour  postprandial  glucose  at  the  1992  examination  with  a  normal  level  in 
1982  were  18.4  percent  for  high  Ranch  Hands,  16.2  percent  for  low  plus  high  Ranch  Hands, 
and  10.8  percent  for  Comparisons  (Table  18-77(c)). 

Total  Testosterone  (Continuous) 

The  Model  1  longitudinal  analysis  of  total  testosterone  revealed  that  differences  of 
examination  mean  change  between  Ranch  Hands  and  Comparisons  were  nonsignificant  over 
all  and  within  each  occupational  strata  (Table  18-78(a):  p>0.17  for  each  contrast).  The 
Model  2  results  also  were  nonsignificant  (Table  18-78(b):  p=0.721). 

The  Model  3  analysis  of  total  testosterone  displayed  a  marginally  significant  difference 
in  examination  mean  changes  between  background  Ranch  Hands  and  Comparisons  (Table 
18-78(c):  p=0.066,  Diff  of  Exam.  Mean  Change=12.30).  The  change  in  total  testosterone 
means  from  1982  to  1992  for  Comparisons  was  greater  than  the  change  for  background  Ranch 
Hands.  All  other  Model  3  analyses  were  nonsignificant  (Table  18-78(c):  p>0.48  for 
remaining  analyses). 
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Table  18-75. 

Longitudinal  Analysis  of  Fasting  Glucose  (All  Participants) 

(Discrete) 


a)  MODEL  1:  R4NCH  HANDS  VS. 

COMPARISONS 

Percent  Abnonnal  Higb/(n) 

Occupational 

Examination 

Group 

1982 

1985 

1987 

1992 

Category 

All 

Ranch  Hand 

4.3 

9.4 

12.3 

13.6 

(899) 

(877) 

(867) 

(899) 

Comparison 

3.7 

9.7 

13.3 

13.7 

(1,060) 

(1.037) 

(1,033) 

(1,060) 

Officer 

Ranch  Hand 

3.9 

9.6 

13.9 

13.3 

(338) 

(333) 

(331) 

(338) 

Comparison 

3.2 

8.6 

13.3 

13.4 

(403) 

(395) 

(391) 

(403) 

Enlisted  Flyer 

Ranch  Hand 

7.6 

10.2 

13.0 

13.8 

(159) 

(157) 

(154) 

(159) 

Comparison 

4.6 

12.2 

16.1 

14.9 

(175) 

(172) 

(174) 

(175) 

Enlisted 

Ranch  Hand 

3.5 

8.8 

10.7 

13.7 

Groundcrew 

(402) 

(387) 

(382) 

(402) 

Comparison 

3.7 

9.8 

12.2 

13.5 

(482) 

(470) 

(468) 

(482) 

Occupational 

Cat^oiy 

Group 

Normal  In  1982 

p-Vaiue" 

n  in  1992 

Percent  Abnormal  High 

Adj.  Relative 
Risk  (95% 
C.I.)* 

All 

Ranch  Hand 

860 

10.4 

0.94  (0.70,1.27) 

0.707 

Comparison 

1,021 

11.1 

Officer 

Ranch  Hand 

325 

10.2 

0.95  (0.58,1.55) 

0.835 

Comparison 

390 

10.8 

Enlisted  Flyer 

Ranch  Hand 

147 

7.5 

0.56  (0.26,1.22) 

0.143 

Comparison 

167 

12.6 

Enlisted 

Ranch  Hand 

388 

11.6 

1.15  (0.74,1.78) 

0.540 

Groundcrew 

Comparison 

464 

10.8 

®  Relative  risk,  conildence  interval,  and  p-values  are  in  reference  to  a  contrast  of  1982  and  1992  results;  results 
adjusted  for  age  in  1992. 


Note:  Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 

Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes 
for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations.  Statistical  analyses  are  based 
only  on  participants  who  had  a  normal  fasting  glucose  level  in  1982  (see  Chapter  7,  Statistical  Methods). 
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Table  18-75.  (Continued) 

Longitudinal  Analysis  of  Fasting  Glucose  (All  Participants) 

(Discrete) 


b)  MODEL  2: 

RANCH  HANDS- 

4I]>HIIALDI0^ 

Initial 

Dioxin 

Percent  Abnormal  High/(n) 
Examination 

m2 

1985 

1987 

1992 

Low 

5.4 

10.4 

14.6 

16.9 

(166) 

(163) 

(165) 

(166) 

Medium 

6.6 

13.6 

11.6 

15.5 

(168) 

(162) 

(164) 

(168) 

High 

6.6 

13.3 

19.1 

17.3 

(168) 

(166) 

(162) 

(168) 

Initio  Dioxin  Category  Summaiy  Statistics 

Results  for  1^ 

Normal  in  1982 

Initial 

Percent  Abnormal  High 

i  Adj.  Rdatire  Risk 

Dioxin 

n  in  199 

2  in  1992 

1 .  value 

Low 

157 

12.1 

1.11  (0.89,1.40) 

0.356 

Medium 

157 

10.8 

High 

157 

12.1 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  date  of  blood  draw  for  dioxin,  and  age  in  1992. 


^  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 
Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes 
for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations.  Statistical  analyses  are  based 
only  on  participants  who  had  a  normal  fasting  glucose  level  in  1982  (see  Chapter  7,  Statistical  Methods). 
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Table  18-75.  (Continued) 

Longitudinal  Analysis  of  Fasting  Glucose  (All  Participants) 

(Discrete) 


c)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

Percent  Abnormal  Higi^(n) 

Examination 

Dioxin  Category 

1982 

1985 

1987 

1992 

Comparison 

3.4 

9.2 

13.2 

13.6 

(914) 

(903) 

(904) 

(914) 

Background  RH 

2.3 

6.2 

9.0 

9.7 

(342) 

(339) 

(335) 

(342) 

LowRH 

6.1 

12.0 

14.2 

17.3 

(248) 

(242) 

(246) 

(248) 

High  RH 

6.3 

12.9 

15.9 

15.8 

(254) 

(249) 

(245) 

(254) 

Low  plus  High  RH 

6.2 

12.4 

15.1 

16.5 

(502) 

(491) 

(491) 

(502) 

Normal  in  19^82 

Dioxin  Category 

n  in  1992 

Percent  Abnormal 
High  in  1992 

:  Adj.  Relative  Risk 

p-Value*" 

Comparison 

883 

11.3 

Background  RH 

334 

8.4 

0.81  (0.51,1.28) 

0.360 

LowRH 

233 

12.5 

0.90(0.56,1.44) 

0.651 

HighRH 

238 

10.9 

0.96  (0.59,1.57) 

0.871 

Low  plus  High  RH 

471 

11.7 

0.93  (0.64,1.35) 

0.686 

^  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  date  of  blood  draw  for  dioxin,  and  age  in  1992. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Backgrotmd  (Ranch  Hand):  Current  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >10  ppt.  Initial  Dioxin  >  143  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 
Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference 
purposes  for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations.  Statistical  analyses 
are  based  only  on  participants  who  had  a  normal  fasting  glucose  level  in  1982  (see  Chapter  7,  Statistical 
Methods). 
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Table  18-76. 

Longitudinal  Analysis  of  2-Hour  Postprandial  Glucose  (mg/dl)  (Nondiabetics) 

(Continuous) 


_ a)  MODEL  1;  RANCH  HANDS  VS.  COMPARISONS _ 

Mean®/(n) 

Examination  Difference 

Occupational  -  Mean  of  Exam. 


Cat^ory  ' 

Group 

1982 

1985 

1987 

1992 

Change^ 

Mean  Change 

p-Value' 

All 

Ranch  Hand 

90.52 

(758) 

102.16 

(736) 

106.83 

(724) 

104.03 

(758) 

13.51 

-0.95 

0.504 

Comparison 

90.69 

(902) 

104.32 

(875) 

106.42 

(867) 

105.15 

(902) 

14.46 

Officer 

Ranch  Hand 

90.00 

(285) 

104.75 

(279) 

107.61 

(279) 

104.12 

(285) 

14.12 

0.60 

0.745 

Comparison 

89.83 

(354) 

103.22 

(344) 

105.91 

(341) 

103.35 

(354) 

13.51 

Enlisted  Flyer 

Ranch  Hand 

91.87 

(134) 

101.09 

(132) 

108.75 

(129) 

105.70 

(134) 

13.82 

-0.57 

0.596 

Comparison 

94.62 

(144) 

108.64 

(141) 

109.35 

(141) 

109.01 

(144) 

14.39 

Enlisted 

Groundcrew 

Ranch  Hand 

90.43 

(339) 

100.42 

(325) 

105.38 

(316) 

103.31 

(339) 

12.88 

-2.43 

0.330 

Comparison 

90.08 

(404) 

103.77 

(390) 

105.82 

(385) 

105.40 

(404) 

15.31 

“  Transformed  from  natural  logarithm  scale. 

Difference  between  1992  and  1982  examination  means  after  transformation  to  original  scale. 

P-value  is  based  on  analysis  of  natural  logarithm  of  2-hour  postprandial  glucose;  results  adjusted  for  natural 
logarithm  of  2-hour  postprandial  glucose  in  1982  and  age  in  1992. 

Note:  Summary  statistics  for  1982  and  1992  are  provided  for  participants  who  attended  the  Baseline  and  1992 
examinations  and  were  nondiabetic  in  1982  and  1992.  Summary  statistics  for  1985  are  provided  for 
reference  purposes  for  participants  who  attended  the  Baseline,  1985,  and  1992  examinations  and  were 
nondiabetic  in  1985.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants 
who  attended  the  Baseline,  1987,  and  1992  examinations  and  were  nondiabetic  in  1987. 
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Table  18-76.  (Continued) 

Longitudinal  Analysis  of  2-Hour  Postprandial  Glucose  (mg/dl)  (Nondiabetics) 

(Continuous) 


b)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN 


Initial 

Dioxin 

Initial  Dioxin  Category  Summary  Statistics 

Mean®/(n) 

Examination 

Analysis  Results  for  Logj 
(Initial  Dioxin)*’ 

AdJ.  Slope 

(Std.  Error)  p-Value 

1982 

1985 

1987 

1992 

Low 

91.68 

103.29 

109.23 

103.47 

0.013(0.011)  0.211 

(135) 

(131) 

(133) 

(135) 

Medium 

92.14 

104.74 

106.22 

107.11 

(137) 

(131) 

(132) 

(137) 

High 

92.43 

101.97 

109.36 

108.05 

(134) 

(132) 

(126) 

(134) 

®  Transformed  from  natural  logarithm  scale. 

Results  based  on  difference  between  natural  logarithm  of  2-hour  postprandial  glucose  in  1992  and  natural 
logarithm  of  2-hour  postprandial  glucose  in  1982  versus  log2  (initial  dioxin);  results  adjusted  for  percent  body 
fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in  SEA  to  date  of  blood  draw 
for  dioxin,  natural  logarithm  of  1982  2-hour  postprandial  glucose,  and  age  in  1992. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 

Summary  statistics  for  1982  and  1992  are  provided  for  participants  who  attended  the  Baseline  and  1992 
examinations  and  were  nondiabetic  in  1982  and  1992.  Summary  statistics  for  1985  are  provided  for 
reference  purposes  for  participants  who  attended  the  Baseline,  1985,  and  1992  examinations  and  were 
nondiabetic  in  1985.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants 
who  attended  the  Baseline,  1987,  and  1992  examinations  and  were  nondiabetic  in  1987. 


18-372 


Table  18-76.  (Continued) 

Longitudinal  Analysis  of  2-Hour  Postprandial  Glucose  (mg/dl)  (Nondiabetics) 

(Continuous) 


c)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 


Meaii®/(n) 

Examination  Difference  of 

-  Exam.  Exam. 


Dioxin  Category 

1982 

1985 

1987 

1992 

Mean  Change** 

Mean  Change*^ 

p-Value** 

Comparison 

90.81 

(778) 

104.25 

(764) 

106.81 

(761) 

104.79 

(778) 

13.98 

Background  RH 

88.47 

(301) 

101.20 

(297) 

105.64 

(295) 

100.93 

(301) 

12.45 

-1.53 

0.333 

LowRH 

92.50 

(199) 

103.93 

(191) 

108.86 

(195) 

104.96 

(199) 

12.47 

-1.52 

0.499 

HighRH 

91.69 

(207) 

102.76 

(203) 

107.64 

(196) 

107.39 

(207) 

15.70 

1.71 

0.220 

Low  plus  High  RH 

92.08 

(406) 

103.32 

(394) 

108.25 

(391) 

106.19 

(406) 

14.11 

0.12 

0.721 

“  Transformed  from  natural  logarithm  scale. 

**  Difference  between  1992  and  1982  examination  means  after  transformation  to  original  scale. 

Difference  between  Ranch  Hand  dioxin  category  and  Comparison  dioxin  category. 

^  P-value  is  based  on  analysis  of  natural  logarithm  of  2-hour  postprandial  glucose;  results  adjusted  for  percent 
body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in  SEA  to  the  date  of  the 
blood  draw  for  dioxin,  natural  logarithm  of  2-hour  postprandial  glucose  in  1982,  and  age  in  1992. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  Initial  Dioxin  >  143  ppt. 

Summary  statistics  for  1982  and  1992  are  provided  for  participants  who  attended  the  Baseline  and  1992 
examinations  and  were  nondiabetic  in  1982  and  1992.  Summary  statistics  for  1985  are  provided  for 
reference  purposes  for  participants  who  attended  the  Baseline,  1985,  and  1992  examinations  and  were 
nondiabetic  in  1985.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants 
who  attended  the  Baseline,  1987,  and  1992  examinations  and  were  nondiabetic  in  1987. 
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Table  18-77. 

Longitudinal  Analysis  of  2-Hour  Postprandial  Glucose  (Nondiabetics) 

(Discrete) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 

Pwcent  Inipaired/(n) 

Occupational 

Category 

ibtamination 

Group 

1982 

1985 

1987 

1992 

All 

Ranch  Hand 

6.5 

8.6 

13.7 

15.2 

(758) 

(736) 

(724) 

(758) 

Comparison 

6.9 

11.1 

10.8 

13.1 

(902) 

(875) 

(867) 

(902) 

Officer 

Ranch  Hand 

6.0 

9.3 

12.5 

13.7 

(285) 

(279) 

(279) 

(285) 

Comparison 

6.2 

9.3 

9.1 

11.6 

(354) 

(344) 

(341) 

(354) 

Enlisted  Flyer 

Ranch  Hand 

6.7 

9.1 

18.6 

14.2 

(134) 

(132) 

(129) 

(134) 

Comparison 

13.2 

16.3 

15.6 

16.7 

(144) 

(141) 

(141) 

(144) 

Enlisted 

Ranch  Hand 

6.8 

7.7 

12.7 

16.8 

Gronndcrew 

(339) 

(325) 

(316) 

(339) 

Comparison 

5.2 

10.8 

10.7 

13.1 

(404) 

(390) 

(385) 

(404) 

Occupational 

Category 

Group 

Normal  in  1982 

Percent  Impaired 
n  in  1992  in  1992 

;Adji  Relative  Risk 

p-Value^ 

All 

Ranch  Hand 

709 

13.5 

1.32  (0.97,1.79) 

0.081 

Comparison  * 

840 

10.8 

Officer 

Ranch  Hand 

268 

13.1 

1.59  (0.94,2.69) 

0.083 

Comparison 

332 

8.7 

Enlisted  Flyer 

Ranch  Hand 

125 

12.0 

0.87  (0.41,1.84) 

0.722 

Comparison 

125 

13.6 

Enlisted 

Ranch  Hand 

316 

14.6 

1.36(0.87,2.13) 

0.176 

Groundcrew 

Comparison 

383 

11.8 

^  Relative  risk,  confidence  interval,  and  p-values  are  in  reference  to  a  contrast  of  1982  and  1992  results;  results 
adjusted  for  age  in  1992. 


Note:  Summary  statistics  for  1982  and  1992  are  provided  for  participants  who  attended  the  Baseline  and  1992 
examinations  and  were  nondiabetic  in  1982  and  1992.  Summary  statistics  for  1985  are  provided  for 
reference  purposes  for  participants  who  attended  the  Baseline,  1985,  and  1992  examinations  and  were 
nondiabetic  in  1985.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants 
who  attended  the  Baseline,  1987,  and  1992  examinations  and  were  nondiabetic  in  1987.  Statistical 
analyses  are  based  only  on  participants  who  had  a  normal  2-hour  postprandial  glucose  level  in  1982  (see 
Chapter  7,  Statistical  Methods). 
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Table  18-77.  (Continued) 

Longitudinal  Analysis  of  2-Hour  Postprandial  Glucose  (Nondiabetics) 

(Discrete) 


b)  MODEL  2; 

RANCH  HANDS  —  INITIAL  DIOXIN 

Percent  lmpaired/(n) 

Initial 

Dioxin 

Examination 

1982 

1985 

1987 

1992 

Low 

7.4 

9.9 

14.3 

16.3 

(135) 

(131) 

(133) 

(135) 

Medium 

8.8 

8.4 

12.9 

17.5 

(137) 

(131) 

(132) 

(137) 

High 

6.0 

10.6 

16.7 

20.9 

(134) 

(132) 

(126) 

(134) 

Initial  ]Moxin  Categoi7  Summary  Statistics 

Dioxin)^ 

Normal  in  1982 

Initial 

Dioxin 

n  in  1992 

Percent  Impaired 
in  1992 

Adj.  Relative  Risk 
(95%  C.I.)” 

p-Value 

Low 

125 

13.6 

1.18  (0.95,1.49) 

0.143 

Medium 

125 

16.0 

High 

126 

19.1 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  date  of  blood  draw  for  dioxin,  and  age  in  1992, 


^  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 

Summary  statistics  for  1982  and  1992  are  provided  for  participants  who  attended  the  Baseline  and  1992 
examinations  and  were  nondiabetic  in  1982  and  1992.  Summary  statistics  for  1985  are  provided  for 
reference  purposes  for  participants  who  attended  the  Baseline,  1985,  and  1992  examinations  and  were 
nondiabetic  in  1985.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants 
who  attended  the  Baseline,  1987,  and  1992  examinations  and  were  nondiabetic  in  1987.  Statistical 
analyses  are  based  only  on  participants  who  had  a  normal  2-hour  postprandial  glucose  level  in  1982  (see 
Chapter  7,  Statistical  Methods). 
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Table  18-77.  (Continued) 

Longitudinal  Analysis  of  2-Hour  Postprandial  Glucose  (Nondiabetics) 

(Discrete) 

_ c)  MODEL  3:  RANCH  HANDS  AJND  COMPARISONS  BY  DIOXIN  CATEGORY 

Percent  Inipaired/(n) 

Examination 

Dioxin  Category  1982  1985  1987  1992 

Comparison  6.9  10.7  10.5  12.7 

(778)  (764)  (761)  (778) 

Background  RH  5.3  6.4  12.9  10.6 

(301)  (297)  (295)  (301) 

Low  RH  9.6  10.5  14.4  16.6 

(199)  (191)  (195)  (199) 

High  RH  5.3  8.9  14.8  19.8 

(207)  (203)  (196)  (207) 

Low  plus  High  RH  7.4  9.6  14.6  18.2 

(406)  (394)  (391)  (406) 


Normal  in  l982 


Dioxin  Category 

n  in  1992 

Percent  bnpaired 
in  1992 

Adj^  Relative  Risk 
:;::(95%:c:i.)* 

p-Value^ 

Comparison 

724 

10.8 

Background  RH 

285 

9.8 

0.99(0.62,1.59) 

0.975 

LowRH 

180 

13.9 

1.27  (0.77,2.10) 

0.352 

HighRH 

196 

18.4 

1.97  (1.25,3.11) 

0.004 

Low  plus  High  RH 

376 

16.2 

1.60  (1.10,2.34) 

0.014 

^  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


’’  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  date  of  blood  draw  for  dioxin,  and  age  in  1992. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 

Summary  statistics  for  1982  and  1992  are  provided  for  participants  who  attended  the  Baseline  and  1992 
examinations  and  were  nondiabetic  in  1982  and  1992.  Summary  statistics  for  1985  are  provided  for 
reference  purposes  for  participants  who  attended  the  Baseline,  1985,  and  1992  examinations  and  were 
nondiabetic  in  1985.  Summary  statistics  for  1987  are  provided  for  reference  purposes  for  participants 
who  attended  the  Baseline,  1987,  and  1992  examinations  and  were  nondiabetic  in  1987.  Statistical 
analyses  are  based  only  on  participants  who  had  a  normal  2-hour  postprandial  glucose  level  in  1982  (see 
Chapter  7,  Statistical  Methods). 
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Table  18-78. 

Longitudinal  Analysis  of  Total  Testosterone  (ng/dl) 
(Continuous) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 


Mean^/(n) 

Fvaminatiftn  Exom.  Difference 

Occupational  -  Mean  of  Exam. 


Category 

Group 

1982 

1985 

1987 

1992 

Chaise'’ 

Mean  Change 

p-Value' 

All 

Ranch  Hand 

638.00 

(886) 

598.27 

(861) 

530.88 

(854) 

511.29 

(886) 

-126.70 

-1.80 

0.488 

Comparison 

623.23 

(1,054) 

575.38 

(1,030) 

523.57 

(1,028) 

498.33 

(1,054) 

-124.90 

Officer 

Ranch  Hand 

603.45 

(331) 

570.15 

(323) 

506.00 

(324) 

494.76 

(331) 

-108.70 

14.96 

0.170 

Comparison 

601.18 

(401) 

554.17 

(394) 

498.79 

(390) 

477.53 

(401) 

-123.65 

Enlisted  Flyer 

Ranch  Hand 

648.81 

(158) 

614.90 

(156) 

526.70 

(153) 

528.21 

(158) 

-120.60 

9.77 

0.280 

Comparison 

628.51 

(173) 

568.55 

(169) 

529.38 

(172) 

498.15 

(173) 

-130.37 

Enlisted 

Groundcrew 

Ranch  Hand 

663.15 

(397) 

615.71 

(382) 

554.47 

(377) 

518.54 

(397) 

-144.61 

-20.69 

0.371 

Comparison 

640.04 

(480) 

596.11 

(467) 

542.60 

(466) 

516.12 

(480) 

-123.92 

“  Transformed  from  square  root  scale. 

Difference  between  1992  and  1982  examination  means  after  transformation  to  original  scale. 

P-value  is  based  on  analysis  of  square  root  of  total  testosterone;  results  adjusted  for  square  root  of  total 
testosterone  in  1982;  and  age  in  1992. 

Note:  Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 

Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes 
for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations. 
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Table  18-78.  (Continued) 
Longitudinal  Analysis  of  Total  Testosterone  (ng/dl) 
(Continuous) 


b)  MODEL  2:  RANCH  HANDS  —  EOTIAL  DIOXIN 


Initial  Dioxin  Category  Summary  Statistics 

.  Analysis  Results  for  Logj 
(Initial  Dioxin)'’ 

Initial 

Dioxin 

Mean®/(n) 

Examination 

:  Adj.  Slope 

^td.  Error)  p- Value 

1982 

1985 

1987 

1992 

Low 

633.88 

(165) 

559.58 

(161) 

521.46 

(164) 

508.79 

(165) 

0.045  (0.127)  0.721 

Medium 

620.68 

(166) 

565.47 

(160) 

514.48 

(162) 

484.20 

(166) 

High 

609.44 

(168) 

584.23 

(166) 

506.01 

(162) 

478.89 

(168) 

*  Transformed  from  square  root  scale. 

Results  based  on  difference  between  square  root  of  total  testosterone  in  1992  and  square  root  of  total 
testosterone  in  1982  versus  log2  (initial  dioxin);  results  adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA, 
change  in  percent  body  fat  from  the  time  of  duty  in  SEA  to  date  of  blood  draw  for  dioxin,  square  root  of  1982 
total  testosterone,  and  age  in  1992. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 
Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference 
purposes  for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations. 
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Table  18-78.  (Continued) 
Longitudinal  Analysis  of  Total  Testosterone  (ng/dl) 
(Continuous) 


c)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 


Mean®/{n) 

Examination 

Exam* 

Difference  of 

Dio»n  Category 

1982 

1985 

1987 

1992 

1V1€0I1 

Change’’ 

■■  iU  - 

Mean  Change*^ 

p-Value' 

Comparison 

624.73 

(910) 

576.62 

(897) 

522.09 

(900) 

497.33 

(910) 

-127.40 

Backgroimd  RH 

657.21 

(333) 

635.27 

(329) 

551.02 

(326) 

542.11 

(333) 

-115.10 

12.30 

0.066 

Low  RH 

631.40 

(246) 

558.05 

(239) 

516.79 

(244) 

504.60 

(246) 

-126.81 

0.60 

0.581 

HighRH 

611.40 

(253) 

581.38 

(248) 

511.21 

(244) 

476.90 

(253) 

-134.50 

-7.10 

0.485 

Low  plus  High  RH 

621.22 

(499) 

569.87 

(487) 

513.99 

(488) 

490.46 

(499) 

-130.77 

-3.36 

0.925 

“  Transformed  from  square  root  scale. 

Difference  between  1992  and  1982  examination  means  after  transformation  to  original  scale. 

Difference  between  Ranch  Hand  dioxin  category  and  Con5)arison  dioxin  category. 

P-value  is  based  on  analysis  of  square  root  of  total  testosterone;  results  adjusted  for  percent  body  fat  at  the 
time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in  SEA  to  the  date  of  the  blood  draw  for 
dioxin,  square  root  of  total  testosterone  in  1982,  and  age  in  1992. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 
Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference 
purposes  for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations. 
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Total  Testosterone  (Discrete) 

Longitudinal  analyses  of  total  testosterone  were  conducted  among  participants  who 
exhibited  normal  levels  of  total  testosterone  in  1982.  All  analyses  from  Models  1,  2,  and  3 
were  each  nonsignificant  indicating  no  association  between  total  testosterone  and  group,  initial 
dioxin,  or  categorized  dioxin  (Table  18-79(a-c):  p>0.14  for  all  analyses). 

DISCUSSION 

The  historical,  physical  examination,  and  laboratory  data  analyzed  in  this  chapter  provide 
a  comprehensive  assessment  of  thyroid,  gonadal,  and  endocrine  pancreatic  function  in  the 
population  imder  study.  The  current  laboratory  database  was  expanded  to  include  several 
indices  relevant  to  the  possibility  that  dioxin  may  influence  glucose  metabolism.  Alpha- 1-C 
hemoglobin  reflects  the  average  blood  sugar  over  a  3-4  month  period  and  is  a  more  accurate 
index  of  diabetic  control  than  random  or  fasting  blood  sugar  measurements.  All  participants 
with  diabetes  were  of  the  adult-onset  (Type  II)  variety,  usually  secondary  to  obesity  and 
characterized  by  an  acquired  defect  in  insulin  receptors  with  elevated  serum  insulin  levels.  In 
the  production  of  insulin  by  the  pancreatic  islet  beta  cell,  proinsulin  is  cleaved  to  form  insulin 
and  c-peptide  (connecting-peptide).  C-peptide  is  considered  a  marker  for  endogenous 
secretion  of  insulin.  Proinsulin  in  serum  consists  of  insulin  plus  c-peptide  that  was  not 
cleaved  during  secretion  and  is  an  index  of  beta  cell  secretory  activity.  Additional  physical 
examination  variables  pertinent  to  endocrine  function — ^body  habitus,  ocular  signs,  and  deep 
tendon  reflexes — ^were  included  in  the  general  and  neurological  examinations  and  are  reported 
in  Chapters  9  and  1 1  respectively.  Integumentary  manifestations  of  diabetes  (cutaneous 
infections,  signs  of  arterial  occlusive  or  venous  stasis,  and  onychomycosis)  and  thyroid 
disorders  (e.g.,  pigrhentary  and  nail  changes  and  thinning  of  hair)  are  described  in  Chapter  14, 
Dermatology  Assessment. 

Measures  of  LH,  FSH,  estradiol,  and  testosterone  are  used  to  detect  and  determine  the 
location  of  hormone  defects  in  the  hypothalamus,  pituitary,  or  gonads.  Elevations  in  any  of 
these  indices  typically  reflect  primary  failure  of  one  of  these  three  organs.  In  men,  such 
disorders  may  be  manifested  clinically  as  hypogonadism,  sexual  dysfunction,  or  gynecomastia. 
Possible  etiologies  include  toxic  exposure,  neoplasms,  infections,  or  surgical  intervention  (e.g., 
orchiectomy  for  testicular  cancer). 

In  the  analysis  of  historical  variables  verified  by  medical  record  review,  the  prevalence 
of  thyroid  disorders  and  diabetes  mellitus  was  similar  in  the  Ranch  Hand  and  Comparison 
cohorts  (5.3%  versus  5.6%  and  15.0%  versus  14.0%  respectively).  Among  Ranch  Hands,  in  a 
pattern  consistent  with  a  dose-response,  a  significant  positive  association  was  noted  between 
the  current  body  burden  of  dioxin  and  the  development  of  diabetes,  specifically  in  the  early 
stages  requiring  only  dietary  intervention  or  oral  hypoglycemic  therapy.  Ranch  Hands  with 
higher  levels  of  current  serum  dioxin  were  significantly  more  likely  to  develop  diabetes 
sooner  after  their  exposure  than  those  with  lower  serum  dioxin  levels. 

In  the  evaluation  of  thyroid  functions  by  serum  T4  and  TSH,  no  significant  group 
differences  were  defined.  Consistent  with  the  1985  and  1987  examinations.  Ranch  Hands 
continued  to  have  a  slightly  higher  mean  serum  TSH  than  Comparisons  (1.62  mlU/ml  versus 
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Table  18-79. 

Longitudinal  Analysis  of  Total  Testosterone 
(Discrete) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 


Percent  Abnoimal  Low/<n) 
Examination 


Categoiy 

Group 

1982 

1985 

1987 

1992 

All 

Ranch  Hand 

4.6 

2.9 

1.9 

4.5 

(886) 

(S61) 

(854) 

(886) 

Comparison 

4.9 

3.0 

1.5 

5.6 

(1,054) 

(1,030) 

(1,028) 

(1,054) 

Officer 

Ranch  Hand 

4.5 

3.7 

1.9 

4.8 

(331) 

(323) 

(324) 

(331) 

Comparison 

5.0 

3.8 

2.1 

5.0 

(401) 

(394) 

(390) 

(401) 

Enlisted  Flyer 

Ranch  Hand 

6.3 

2.6 

3.3 

3.8 

(158) 

(156) 

(153) 

(158) 

Comparison 

5.8 

4.1 

0.6 

5.8 

(173) 

(169) 

(172) 

(173) 

Enlisted 

Ranch  Hand 

4.0 

2.4 

1.3 

4.5 

Groundcrew 

(397) 

(382) 

Oil) 

(397) 

Comparison 

4.6 

1.9 

1.3 

6.0 

(480) 

(467) 

(466) 

(480) 

Normal  in  1982 

Percent 

Occupational 

Abnormal  Low 

Adj.  Relative 

Category 

Group 

n  in  1992  in  1992 

Risk  (95%  CJ.)® 

p-Value^ 

All 

Ranch  Hand 

845 

3.6 

0.84  (0.52,1.36) 

0.486 

Comparison 

1,002 

4.2 

Officer 

Ranch  Hand 

316 

4.1 

1.21  (0.55,2.66) 

0.627 

Comparison 

381 

3.4 

Enlisted  Flyer 

Ranch  Hand 

148 

2.7 

0.62  (0.18,2.16) 

0.453 

Comparison 

163 

4.3 

Enlisted 

Ranch  Hand 

381 

3.4 

0.71  (0.35,1.43) 

0.337 

Groundcrew 

Comparison 

458 

4.8 

^  Relative  risk,  confidence  interval,  and  p-values  are  in  reference  to  a  contrast  of  1982  and  1992  results;  results 
adjusted  for  age  in  1992. 


Note:  Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 

Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes 
for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations.  Statistical  analyses  are  based 
only  on  participants  who  had  a  normal  total  testosterone  level  in  1982  (see  Ch^ter  7,  Statistical 
Methods). 
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Table  18-79.  (Continued) 
Longitudinal  Analysis  of  Total  Testosterone 
(Discrete) 


b)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN 


Percent  Abnormal  Low/(n) 
Examination 


JUlLiiai 

Dioxin 

1982 

1985 

1987 

1992 

Low 

4.2 

2.5 

3.7 

4.2 

(165) 

(161) 

(164) 

(165) 

Medium 

5.4 

3.1 

1.2 

4.8 

(166) 

(160) 

(162) 

(166) 

High 

7.1 

2.4 

2.5 

8.3 

(168) 

(166) 

(162) 

(168) 

Initial  Dioxin  Categoiy  Summary  Statistics 

Analysis  Results  for  Logj  (Initial  Dioxin)^ 

Normal  in  1982 

Initial 

Percent  Abnormal  Low 

Adj.  Relatiye  Risk 

Dioxin 

n  in  1992 

in  1992 

■■■■"I  ;:..:(9s%)C.i.)*‘ 

p-Value 

Low 

158 

2.5 

1.20(0.88,1.65) 

0.254 

Medium 

157 

4.5 

High 

156 

7.1 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 

SEA  to  date  of  blood  draw  for  dioxin,  and  age  in  1992. 

^  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 
Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes 
for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations.  Statistical  analyses  are  based 
only  on  participants  who  had  a  normal  total  testosterone  level  in  1982  (see  Chapter  7,  Statistical 
Methods). 
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Table  18-79.  (Continued) 
Longitudinal  Analysis  of  Total  Testosterone 
(Discrete) 


c)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

Percent  Abnonnal  Low/(n) 

Examination 

Dioxin  Categoiy 

1982 

1985 

1987 

1992 

Comparison 

5.0 

2.9 

1.4 

5.5 

(910) 

(897) 

(900) 

(910) 

Background  RH 

3.3 

3.0 

0.9 

2.4 

(333) 

(329) 

(326) 

(333) 

LowRH 

4.9 

2.1 

3.3 

4.1 

(246) 

(239) 

(244) 

(246) 

High  RH 

6.3 

3.2 

1.64 

7.5 

(253) 

(248) 

(244) 

(253) 

Lx)w  plus  High  RH 

5.6 

2.7 

2.5 

5.8 

(499) 

(487) 

(488) 

(499) 

Normal  in  1982 

Percent  iy>nonnaI  Low  Adj.  Relative  Risk 


Dioxin  Category 

n  in  1992 

in  1992 

(95%  CX)* 

p-Value^ 

Comparison 

865 

3.8 

Background  RH 

322 

2.2 

0.76(0.33,1.76) 

0.515 

Low  RH 

234 

3.0 

0.68  (0.29,1.57) 

0.363 

HighRH 

237 

6.3 

1.63  (0.85,3.12) 

0.143 

Low  plus  High  RH 

471 

4.7 

1.12  (0.64,1.98) 

0.685 

“  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

*’  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  firom  the  time  of  duty  in 
SEA  to  date  of  blood  draw  for  dioxin,  and  age  in  1992. 

Note:  RH  =  Ranch  Hand. 

Comparison;  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  ^10  ppt. 

Low  (Ranch  Hand);  Current  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 
Baseline,  1985,  and  1992  examinations.  .Summary  statistics  for  1987  are  provided  for  reference 
purposes  for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations.  Statistical  analyses 
are  based  only  on  participants  who  had  a  normal  total  testosterone  level  in  1982  (see  Chapter  7, 
Statistical  Methods). 
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1.57  mlU/ml),  but  the  difference  is  no  longer  statistically  significant.  In  addition,  by  discrete 
analysis,  the  prevalence  of  abnormal  TSH  and  T4  results  was  virtually  identical  in  the  two 
cohorts. 

With  reference  to  the  laboratory  assessment  of  glucose  metabolism  and,  particularly,  the 
possibility  that  dioxin  might  be  a  risk  factor  for  the  development  of  diabetes,  significant 
results  were,  for  the  most  part,  limited  to  the  analyses  employing  current  serum  dioxin.  In 
contrast  to  the  Baseline  examination  results,  in  which  glucose  intolerance  was  more  prevalent 
in  Comparisons  than  in  Ranch  Hands,  none  of  the  laboratory  variables  from  the  1992 
examination,  in  both  continuous  and  discrete  analyses,  revealed  any  significant  group 
differences. 

In  the  continuous  analysis  of  all  Ranch  Hand  participants,  those  with  high  levels  of 
serum  dioxin  had  significantly  higher  fasting  glucose  and  2-hour  postprandial  glucose  results 
than  those  with  lower  levels  of  serum  dioxin.  Stratification  of  the  Ranch  Hand  cohort  by 
disease  status  revealed  that  the  fasting  glucose  results  were  driven  primarily  by  the  diabetic 
subset.  In  contrast,  in  nondiabetics,  a  slight  negative  association  was  noted:  those  with  lower 
levels  of  serum  dioxin  were  more  likely  to  have  elevated  fasting  glucose  than  those  with 
higher  serum  dioxin  levels. 

The  analyses  of  serum  insulin  levels  raise  additional  questions  and  point  to  a  potential 
mechanism  for  an  effect  of  dioxin  on  glucose  metabolism.  In  the  natural  history  of  adult- 
onset  diabetes  mellitus,  serum  insulin  levels  vary  depending  on  the  stage  of  the  disease. 
Initially,  as  glucose  intolerance  develops,  serum  insulin  levels  typically  rise.  In  nondiabetic 
Ranch  Hands,  serum  insulin,  like  the  2-hour  postprandial  glucose,  was  positively  and 
significantly  associated  with  current  serum  dioxin,  an  effect  that  was  pronounced  in  both  the 
high  and  low  levels  of  exposure  in  the  discrete  analysis.  In  contrast,  in  diabetic  participants,  a 
consistent  inverse  dose-response  was  found  in  all  models  relating  serum  insulin  to  current 
serum  dioxin.  Although  not  statistically  significant,  these  data  are  consistent  with  a 
fundamental  impairment  of  islet  cell  responsiveness  to  hyperglycemia  with  increased  insulin 
production  in  nondiabetics  and,  in  diabetes,  an  impaired  compensatory  response  wdth 
compromised  insulin  production. 

The  analysis  of  serum  C  peptide  and  serum  proinsulin  and  a-l-c  hemoglobin  yielded  no 
significant  results  and  failed  to  shed  light  on  the  biochemical  mechanisms,  if  any,  by  which 
dioxin  might  have  an  effect  on  insulin  production  and  glucose  metabolism. 

With  respect  to  gonadal  function,  no  significant  group  differences  were  defined. 

Testicular  volume,  assessed  more  accurately  in  these  examinations  by  ultrasound  rather  than 
by  palpitation,  was  virtually  identical  in  Ranch  Hands  and  Comparisons.  As  in  the  Baseline 
and  1985  examinations,  Raiich  Hands  had  a  higher  mean  total  testosterone  level  than 
Comparisons,  but  the  difference  was  no  longer  significant.  These  results  are  in  contrast  to 
those  documented  in  experimental  studies  on  animals  discussed  in  the  backgroimd  section  of 
this  chapter. 

The  analysis  of  total  serum  testosterone  yielded  results  consistent  with  a  dioxin  effect. 
Ranch  Hands  with  high  current  serum  dioxin  had  significantly  lower  total  testosterone  levels 


18-384 


than  those  with  lower  current  serum  dioxin  levels.  In  the  continuous  analysis  of  the 
biologically  active  free  form  of  testosterone,  however,  there  was  no  evidence  of  a  dose- 
response  effect.  Though  these  results  are  consistent  with  those  documented  in  the  Serum 
Dioxin  Analysis  of  the  1987  Followup  Examination,  the  clinical  significance  remains 
uncertain. 

Dependent  variable-covariate  analyses  confirmed  associations  that  are  well  established  in 
clinical  practice.  The  classic  risk  factors  of  age,  obesity,  and  family  history  of  diabetes  were 
strongly  and  positively  associated  with  all  diabetic  indices.  A  significant  negative  association 
was  noted  between  age  and  testicular  size  and  serum  testosterone.  Age,  diabetes,  family 
history  of  diabetes,  and,  particularly,  cigarette  use  all  contributed  strongly  to  the  development 
of  pulse  deficits  and  arterial  occlusive  disease. 

The  longitudinal  analyses  yielded  results  that  would  be  anticipated  over  time  with  no 
significant  differences  between  Ranch  Hands  and  Comparisons.  Age-related  increases  were 
documented  in  fasting  glucose,  2-hour  postprandial  glucose,  and  the  incidence  of  diabetes. 
Serum  testosterone  decreased  with  advancing  years. 

In  summary,  after  10  years  of  observation,  the  prevalence  of  endocrine  disease  remains 
similar  in  Ranch  Hands  and  Comparisons.  Though  cause  and  effect  remain  to  be  established, 
the  data  cited  above  provide  further  evidence  for  an  association  between  glucose  intolerance 
and  dioxin  exposure.  Also  raised  is  the  possibility  that,  in  a  subset  of  individuals  predisposed 
to  diabetes,  dioxin  may  impair  insulin  production. 

SUMMARY 

Analyses  were  performed  on  36  dependent  variables  derived  from  medical  records, 
physical  examination,  and  laboratory  procedures  for  the  endocrine  assessment.  Fourteen 
variables  were  analyzed  both  continuously  and  discretely,  and  separate  analyses  for  all 
participants,  diabetics,  and  nondiabetics  were  executed  for  five  endpoints.  Each  of  these 
variables  was  investigated  for  possible  associations  with  group  (Model  1),  initial  or 
categorized  dioxin  (Models  2  and  3),  and  current  dioxin  (Models  4,  5,  and  6).  Summarized 
results  from  these  analyses  are  shown  in  Table  18-80  through  18-83.  A  list  of  group-by- 
covariate  and  dioxin-by-covariate  interactions  that  were  significant  in  the  Model  1  through  6 
adjusted  analyses  is  presented  in  Table  18-84. 

Model  1:  Group  Analysis 

Only  one  association  of  marginal  significance  between  group  and  the  thyroid  endpoints 
was  found  in  the  unadjusted  and  adjusted  analyses  for  Model  1.  Overall,  abnormality 
percentages  for  anti-thyroid  antibodies  were  greater  in  the  Ranch  Hand  category  than  in  the 
Comparison  category,  but  occupationally-stratified  contrasts  were  nonsignificant. 

In  the  analyses  of  the  diabetes  variables,  several  endpoints  exhibited  significant 
interactions  primarily  with  age,  body  fat,  or  both,  but  results  were  nonsignificant  when  these 
interaction  terms  were  deleted  from  the  final  model.  A  single  exception  to  this  finding  was  in 
the  analysis  of  fasting  glucose,  where  after  deleting  the  interaction  term,  nondiabetic  enlisted 
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Table  18-80. 

Summary  of  Group  Analyses  (Model  1)  for  Endocrine  Variables 
(Ranch  Hands  vs.  Comparisons) 


UNADJUSTED 


Variable  '  ■■ 

Ail 

Officer 

Enlisted 

Flyer 

Enlisted 

Groundcrew 

Verified  Medical  Records 

Past  Thyroid  Disease  (D) 

ns 

NS 

NS 

ns 

Composite  Diabetes  Indicator  (D) 

NS 

NS 

ns 

ns 

Diabetic  Severity  (D) 

No  Treatment  vs.  Nondiabetic 

ns 

NS 

ns 

ns 

Diet  Only  vs.  Nondiabetic 

NS 

NS* 

ns 

NS 

Oral  Hypoglycemic  vs.  Nondiabetic 

ns 

ns 

NS 

NS 

Insulin  Dependent  vs.  Nondiabetic 

NS* 

NS* 

NS 

NS 

Time  to  Diabetes  Onset^  (C) 

ns 

NS 

ns 

ns 

Physical  Examination 

Thyroid  Gland  (D) 

ns 

ns 

-- 

ns 

Testicular  Volume:  Minimum^  (C) 

NS 

NS 

ns 

NS 

Testicular  Volume:  Total®  (C) 

ns 

ns 

ns 

NS 

Retinopathy  Results  (Diabetics)  (D) 

NS 

NS 

“ 

ns 

Neuropathy  Results  (Diabetics)  (D) 

NS 

NS 

ns 

NS* 

Radial  Pulses  (Doppler)  (Diabetics)  (D) 

NS 

NS 

- 

— 

Femoral  Pulses  (Doppler)  (Diabetics)  (D) 

NS 

~ 

ns 

ns 

Popliteal  Pulses  (Doppler)  (Diabetics)  (D) 

NS 

- 

ns 

NS 

Dorsalis  Pedis  Pulses  (Doppler)  (Diabetics)  (D) 

NS 

NS 

ns 

NS 

Posterior  Tibial  Pulses  (Doppler)  (Diabetics)  (D) 

NS 

NS 

ns 

NS 

Leg  Ihilses  (Doppler)  (Diabetics)  (D) 

NS 

NS 

ns 

NS 

Peripheral  Pulses  (Doppler)  (Diabetics)  (D) 

NS 

NS 

ns 

NS 

Laboratory 

Thyroid  Stimulating  Hormone  (TSH)  (C) 

NS 

NS 

ns 

NS 

Thyroid  Stimulating  Hormone  (TSH)  (D) 

NS 

ns 

NS 

NS 

Thyroxine  (T4)®  (C) 

ns 

ns 

NS 

ns 

Thyroxine  (T4)  (D) 

NS 

NS 

— 

— 

Anti-Thyroid  Antibodies  (D) 

NS* 

NS 

NS 

NS 

Fasting  Glucose  (All  Participants)  (C) 

ns 

NS 

ns 

NS 

Fasting  Glucose  (All  Participants)  (D) 

NS 

NS 

ns 

NS 

Fasting  Glucose  (Diabetics)  (C) 

ns 

ns 

ns 

ns 
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Table  18-80.  (Continued) 

Sununary  of  Group  Analyses  (Model  1)  for  Endocrine  Variables 
(Ranch  Hands  vs.  Comparisons) 


UNADJUSTED 

Variable 

All 

Officer 

Enlisted 
Flyer  ;f 

Enlisted 
:  Groimdcrew 

Fasting  Glucose  (Diabetics)  (D) 

ns 

ns 

NS 

ns 

Fasting  Glucose  (Nondiabetics)  (C) 

ns 

NS 

-0.015 

NS 

Fasting  Glucose  (Nondiabetics)  (D) 

ns 

ns 

ns 

NS 

2-Hour  Postprandial  Glucose  (Nondiabetics)  (C) 

NS 

NS 

ns 

ns 

2-Hour  Postprandial  Glucose  (Nondiabetics)  (D) 

NS* 

NS 

ns 

NS 

Fasting  Urinary  Glucose  (All  Participants)  (D) 

NS 

ns 

ns 

NS 

Fasting  Urinary  Glucose  (Diabetics)  (D) 

ns 

ns 

ns 

NS 

Fasting  Urinary  Glucose  (Nondiabetics)  (D) 

- 

-- 

“  • 

- 

2-Hour  Postprandial  Urinary  Glucose 

NS 

NS 

ns 

NS 

(Nondiabetics)  (D) 

Serum  Insulin  (All  Participants)  (C) 

NS 

NS* 

ns 

ns 

Serum  Insulin  (All  Participants)  (D) 

Low  vs.  Normal 

ns 

ns 

NS 

NS 

High  vs.  Normal 

ns 

NS 

ns 

ns 

Serum  Insulin  (Diabetics)  (C) 

NS 

NS 

NS 

NS 

Serum  Insulin  (Diabetics)  (D) 

NS 

NS 

ns 

ns 

Serum  Insulin  (Nondiabetics)  (C) 

ns 

NS 

ns 

ns 

Serum  Insulin  (Nondiabetics)  (D) 

Low  vs.  Normal 

ns 

ns 

NS 

NS 

High  vs.  Normal 

ns 

ns 

ns 

ns 

Serum  Glucagon  (All  Participants)  (C) 

ns 

ns 

-0.031 

NS 

Serum  Glucagon  (All  Participants)  (D) 

NS 

- 

- 

NS 

Serum  Glucagon  (Diabetics)  (C) 

NS 

NS 

ns 

NS 

Serum  Glucagon  (Diabetics)  (D) 

NS 

- 

- 

NS 

Serum  Glucagon  (Nondiabetics)  (C) 

ns 

ns 

ns* 

ns 

Serum  Glucagon  (Nondiabetics)  (D) 

- 

“ 

- 

“ 

a-l-C  Hemoglobin  (All  Participants)  (C) 

NS 

NS 

ns 

NS 

Qt-l-C  Hemoglobin  (All  Participants)  (D) 

NS 

NS 

ns 

NS 

a-l-C  Hemoglobin  (Diabetics)  (C) 

NS 

ns 

ns 

NS 

a-l-C  Hemoglobin  (Diabetics)  (D) 

NS 

NS 

ns 

NS 

a-l-C  Hemoglobin  (Nondiabetics)  (C) 

ns 

ns 

ns 

NS 

a-l-C  Hemoglobin  (Nondiabetics)  (D) 

ns 

ns 

ns 

NS 
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Table  18-80.  (Continued) 

Summary  of  Group  Analyses  (Model  1)  for  Endocrine  Variables 
(Ranch  Hands  vs.  Comparisons) 


UNADJUSTED 

Variable 

AU 

Officer 

Enlisted 

Flyer 

Enlisted 

Groundcrew 

Urinary  Protein  (Diabetics)  (D) 

ns 

NS 

NS 

ns 

Serum  Proinsulin  (Diabetics)  (C) 

ns 

ns 

NS 

NS 

Serum  Proinsulin  (Diabetics)  (D) 

ns 

ns 

ns 

NS 

Serum  C  Peptide  (Diabetics)  (C) 

NS 

NS 

NS 

NS 

Serum  C  Peptide  (Diabetics)  (D) 

NS 

ns 

NS 

ns 

Total  Testosterone  (C)^ 

NS 

NS 

NS* 

NS 

Total  Testosterone  (D) 

ns 

NS 

ns 

ns 

Free  Testosterone  (C)^ 

NS 

NS 

NS 

NS 

Free  Testosterone  (D) 

-0.014 

ns 

-0.012 

ns 

Sex  Hormone  Binding  Globulin  (D) 

ns* 

ns 

ns 

ns* 

Total  Testosterone  to  Sex  Hormone  Binding 
Globulin  Ratio  (D) 

ns 

ns 

ns 

NS 

Estradiol  (C) 

ns 

ns 

NS 

ns 

Estradiol  (D) 

ns 

ns 

NS 

NS 

Luteinizing  Hormone  (LH)  (C) 

NS 

NS 

NS 

NS 

Luteinizing  Hormone  (LH)  (D) 

ns 

ns 

NS 

NS 

Follicle  Stimulating  Hormone  (FSH)  (C) 

NS 

NS 

NS 

ns 

Follicle  Stimulating  Hormone  (FSH)  (D) 

NS 

NS* 

NS 

ns 

^  Negative  difference  considered  adverse  for  this  variable. 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

Relative  risk  <  1 .00  for  discrete  analysis  or  difference  of  means  negative  for  continuous  analysis. 
Analysis  not  performed  due  to  sparse  number  of  abnormalities. 

NS  or  ns:  Not  significant  (p>0.10). 

NS*  or  ns*:  Marginally  significant  (0.05  <p  <0.10). 

Note:  P-value  given  if  p  <0.05. 

A  capital  “NS”  denotes  a  relative  risk  1.00  or  greater  for  discrete  analysis  or  difference  of  means 
nonnegative  for  continuous  analysis;  a  lower  case  “ns”  denotes  relative  risk  less  than  1 .00  for  discrete 
analysis  or  difference  of  means  negative  for  continuous  analysis. 
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Table  18-80.  (Continued) 

Summary  of  Group  Analyses  (Model  1)  for  Endocrine  Variables 
(Ranch  Hands  vs.  Comparisons) 


ADJUSTED 

Variable 

All 

Officer 

Enlisted  Hyer 

Enlisted 

Groundcrew 

Verified  Medical  Records 

Past  Thyroid  Disease  (D) 

**(ns) 

**(NS) 

**(NS) 

**(ns) 

Composite  Diabetes  Indicator  (D) 

NS 

NS 

ns 

NS 

Diabetic  Severity  (D) 

No  Treatment  vs.  Nondiabetic 

ns 

NS 

ns 

ns 

Diet  Only  vs.  Nondiabetic 

NS 

NS 

ns 

NS 

Oral  Hypoglycemic  vs.  Nondiabetic 

ns 

ns 

NS 

NS 

Insulin  Dependent  vs.  Nondiabetic 

NS 

NS* 

ns 

NS 

Time  to  Diabetes  Onset^  (C) 

ns 

NS 

ns 

ns 

Physical  Examination 

Thyroid  Gland  (D) 

ns 

ns 

- 

ns 

Testicular  Volume:  Minimum^  (C) 

NS 

NS 

ns 

NS 

Testicular  Volume:  Total^  (C) 

ns 

ns 

ns 

NS 

Retinopathy  Results  (Diabetics)  (D) 

**(NS) 

**(ns) 

- 

**(ns) 

Neuropathy  Results  (Diabetics)  (D) 

NS 

NS 

ns 

NS* 

Radial  Pulses  (Doppler)  (Diabetics)  (D) 

~ 

- 

- 

~ 

Femoral  Pulses  (Doppler)  (Diabetics)  (D) 

NS 

~ 

ns 

ns 

Popliteal  Pulses  (Doppler)  (Diabetics)  (D) 

NS 

- 

ns 

NS 

Dorsalis  Pedis  Pulses  (Doppler)  (Diabetics)  (D) 

NS 

NS 

ns 

NS 

Posterior  Tibial  Pulses  (Doppler)  (Diabetics)  (D) 

NS 

NS 

ns 

NS 

Leg  Pulses  (Doppler)  (Diabetics)  (D) 

NS 

NS 

ns 

NS 

Peripheral  Pulses  (Doppler)  (Diabetics)  (D) 

NS 

NS 

ns 

NS 

Laboratory 

Thyroid  Stimulating  Hormone  (TSH)  (C) 

NS 

NS 

ns 

NS 

Thyroid  Stimulating  Hormone  (TSH)  (D) 

NS 

ns 

NS 

NS 

Thyroxine  (T4)^(C) 

ns 

ns 

NS 

ns 

Thyroxine  (T4)  (D) 

NS 

NS 

- 

Anti-Thyroid  Antibodies  (D) 

NS* 

NS 

NS 

NS 

Fasting  Glucose  (All  Participants)  (C) 

NS 

NS 

ns 

NS 

Fasting  Glucose  (All  Participants)  (D) 

NS 

NS 

ns 

NS 

Fasting  Glucose  (Diabetics)  (C) 

**(ns) 

**(ns) 

**(ns) 

**(ns) 

Fasting  Glucose  (Diabetics)  (D) 

ns 

ns 

NS 

ns 

Fasting  Glucose  (Nondiabetics)  (C) 

**(ns) 

NS 

-0.012 

NS 
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Table  18-80.  (Continued) 

Summary  of  Group  Analyses  (Model  1)  for  Endocrine  Variables 
(Ranch  Hands  vs.  Comparisons) 


ADJUSTED 

Variable 

All 

Officer 

Enlisted 

Enlisted  Flyer  Groundcrew 

Fasting  Glucose  (Nondiabetics)  (D) 

ns 

ns 

ns 

NS 

2-Hour  Postprandial  Glucose  (Nondiabetics)  (C) 

3iejfesic3|e 

2-Hour  Postprandial  Glucose  (Nondiabetics)  (D) 

**(NS) 

**(NS) 

**(ns) 

**(NS*) 

Fasting  Urinary  Glucose  (All  Participants)  (D) 

NS 

ns 

ns 

NS 

Fasting  Urinary  Glucose  (Diabetics)  (D) 

ns 

ns 

ns 

NS 

Fasting  Urinary  Glucose  (Nondiabetics)  (D) 

- 

- 

- 

— 

2-Hour  Postprandial  Urinary  Glucose 

NS 

NS 

ns 

NS 

(Nondiabetics)  (D) 

Serum  Insulin  (All  Participants)  (C) 

**(NS) 

**(NS) 

**(ns) 

**(NS) 

Serum  Insulin  (All  Participants)  (D) 

Low  vs.  Normal 

**(ns) 

**(ns) 

**(NS) 

**(NS) 

High  vs.  Normal 

**(ns) 

=*=*(NS) 

**(ns) 

**(ns) 

Serum  Insulin  (Diabetics)  (C) 

NS 

NS 

ns 

NS 

Serum  Insulin  (Diabetics)  (D) 

NS 

NS 

ns 

NS 

Serum  Insulin  (Nondiabetics)  (C) 

**(ns) 

**(NS) 

**(ns) 

**(NS) 

Serum  Insulin  (Nondiabetics)  (D) 

Low  vs.  Normal 

**(ns) 

**(ns) 

**(NS) 

**(NS) 

High  vs.  Normal 

**(ns) 

**(ns) 

**(ns) 

**(ns) 

Serum  Glucagon  (All  Participants)  (C) 

ns 

ns 

-0.028 

NS 

Serum  Glucagon  (All  Participants)  (D) 

NS 

- 

- 

NS 

Serum  Glucagon  (Diabetics)  (C) 

**(NS) 

**(NS) 

**(ns) 

**(NS) 

Serum  Glucagon  (Diabetics)  (D) 

- 

- 

— 

— 

Serum  Glucagon  (Nondiabetics)  (C) 

ns 

ns 

ns* 

ns 

Serum  Glucagon  (Nondiabetics)  (D) 

- 

- 

— 

— 

a-l-C  Hemoglobin  (All  Participants)  (C) 

NS 

NS 

ns 

NS 

of-l-C  Hemoglobin  (All  Participants  (D) 

NS 

NS 

ns 

ns 

a-l-C  Hemoglobin  (Diabetics)  (C) 

**** 

a-l-C  Hemoglobin  (Diabetics)  (D) 

NS 

NS 

ns 

NS 

a-l-C  Hemoglobin  (Nondiabetics)  (C) 

**(ns) 

**(ns) 

**(ns) 

**(NS) 

a-l-C  Hemoglobin  (Nondiabetics)  (D) 

ns 

ns 

ns 

NS 

Urinary  Protein  (Diabetics)  (D) 

**(ns) 

**(NS) 

**(NS) 

**(ns) 

Serum  Proinsulin  (Diabetics)  (C) 

NS 

ns 

NS 

NS 

Serum  Proinsulin  (Diabetics)  (D) 

ns 

ns 

ns 

NS 
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Table  18-80.  (Continued) 

Sununary  of  Group  Analyses  (Model  1)  for  Endocrine  Variables 
(Ranch  Hands  vs.  Comparisons) 


ADJUSTED 

Variable 

ail'  ■ 

Officer 

Enlisted 

Enlisted  Flyer  Groundcrew 

Serum  C  Peptide  (Diabetics)  (C) 

NS* 

NS 

NS 

NS* 

Serum  C  Peptide  (Diabetics)  (D) 

NS 

NS 

NS 

NS 

Total  Testosterone  (C)® 

**(NS) 

**(NS) 

**(-1-0.038) 

**(ns) 

Total  Testosterone  (D) 

**(ns) 

**(ns) 

**(ns) 

**(ns) 

Free  Testosterone  (C)^ 

NS 

NS 

NS* 

NS 

Free  Testosterone  (D) 

-0.017 

ns 

-0.006 

ns 

Sex  Hormone  Binding  Globulin  (D) 

-0.048 

ns 

ns 

ns* 

Total  Testosterone  to  Sex  Hormone  Binding 
Globulin  Ratio  (D) 

ns 

ns 

ns 

NS 

Estradiol  (C) 

NS 

ns 

NS 

ns 

Estradiol  (D) 

ns 

ns 

NS 

NS 

Luteinizing  Hormone  (LH)  (C) 

NS 

NS 

NS 

NS 

Luteinizing  Hormone  (LH)  (D) 

ns 

ns 

NS 

NS 

Follicle  Stimulating  Hormone  (FSH)  (C) 

NS 

NS 

NS 

ns 

Follicle  Stimulating  Hormone  (FSH)  (D) 

NS 

4-0.046 

NS 

ns 

®  Negative  difference  considered  adverse  for  this  variable. 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+  :  Relative  risk  >  1.00  for  discrete  analysis  or  difference  of  means  nonnegative  for  continuous  analysis. 

Relative  risk  <1.00  for  discrete  analysis  or  difference  of  means  negative  for  continuous  analysis. 

— :  Analysis  not  performed  due  to  sparse  number  of  abnormalities. 

NS  or  ns:  Not  significant  (p >0.10). 

NS*  or  ns*:  Marginally  significant  (0.05  <p  <0.10). 

**(NS)  or  **(ns):  Group-by-covariate  interaction  (0.01  <p<0.05);  not  significant  when  interaction  is  deleted; 

refer  to  Appendix  N-2  for  further  analysis  of  this  interaction. 

**(NS*):  Group-by-covariate  interaction  (0.01  <p<0.05);  marginally  significant  when  interaction  is  deleted, 
refer  to  Appendix  N-2  for  further  analysis  of  this  interaction. 

**(...):  Group-by-covariate  interaction  (0.01  <p<0.05);  significant  when  interaction  is  deleted  and  p- value  is 
given  in  parentheses;  refer  to  Appendix  N-2  for  further  analysis  of  this  interaction. 
Group-by-covariate  interaction  (p<0.01);  refer  to  Appendix  N-2  for  further  analysis  of  this  interaction. 
Note:  A  capital  “NS”  denotes  a  relative  risk  1.00  or  greater  for  discrete  analysis  or  difference  of  means 

nonnegative  for  continuous  analysis;  a  lower  case  “ns”  denotes  relative  risk  less  than  1.00  for  discrete 
analysis  or  difference  of  means  negative  for  continuous  analysis. 
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Table  18-81. 

Summary  of  Initial  Dioxin  Analyses  (Model  2)  for  Endocrine  Variables 

(Ranch  Hands  Only) 


Variable  ^ 

Unadjusted 

Adjusted 

Verified  Medical  Records 

Past  Thyroid  Disease  (D) 

NS 

NS 

Composite  Diabetes  Indicator  (D) 

NS 

**(NS*) 

Diabetic  Severity  (D) 

No  Treatment  vs.  Nondiabetic 

ns 

NS 

Diet  Only  vs.  Nondiabetic 

NS 

NS 

Oral  Hypoglycemic  vs.  Nondiabetic 

+0.032 

+0.001 

Insulin  Dependent  vs.  Nondiabetic 

ns 

NS 

Time  to  Diabetes  Onset^  (C) 

NS 

ns 

Physical  Examination 

Thyroid  Gland  (D) 

— 

- 

Testicular  Volume:  Minimum^  (C) 

ns 

**(ns*) 

Testictilar  Volume:  Total^  (C) 

ns 

+*(ns*) 

Retinopathy  Results  (Diabetics)  (D) 

NS 

— 

Neuropathy  Results  (Diabetics)  (D) 

NS 

NS 

Radial  Pulses  (Doppler)  (Diabetics)  (D) 

“ 

Femoral  Pulses  (Doppler)  (Diabetics)  (D) 

ns 

ns 

Popliteal  Pulses  (Doppler)  (Diabetics)  (D) 

ns 

ns 

Dorsalis  Pedis  Pulses  (Doppler)  (Diabetics)  (D) 

NS 

NS 

Posterior  Tibial  Pulses  (Doppler)  (Diabetics)  (D) 

ns 

ns 

Leg  Pulses  (Doppler)  (Diabetics)  (D) 

NS 

NS 

Peripheral  Pulses  (Doppler)  (Diabetics)  (D) 

NS 

NS 

Laboratory 

Thj^oid  Stimulating  Hormone  (TSH)  (C) 

NS 

ns 

Thyroid  Stimulating  Hormone  (TSH)  (D) 

NS* 

NS* 

Thyroxine  (T4)“  (C) 

NS 

ns 

Thyroxine  (T4)  (D) 

NS 

+0.028 

Anti-Thyroid  Antibodies  (D) 

ns 

ns 

Fasting  Glucose  (All  Participants)  (C) 

NS 

**(+0.003) 

Fasting  Glucose  (All  Participants)  (D) 

ns 

NS 

Fasting  Glucose  (Diabetics)  (C) 

+0.031 

NS* 

Fasting  Glucose  (Diabetics)  (D) 

ns 

ns 

Fasting  Glucose  (Nondiabetics)  (C) 

ns 

**(NS) 

Fasting  Glucose  (Nondiabetics)  (D) 

ns 

ns 
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Table  18-81.  (Continued) 

Summary  of  Initial  Dioxin  Analyses  (Model  2)  for  Endocrine  Variables 

(Ranch  Hands  Only) 


:  Variable 

Unadjusted 

Adjusted 

2-Hour  Postprandial  Glucose  (Nondiabetics)  (C) 

NS 

+0.041 

2-Hour  Postprandial  Glucose  (Nondiabetics)  (D) 

NS 

**(NS) 

Fasting  Urinary  Glucose  (All  Participants)  (D) 

+0.023 

+0.002 

Fasting  Urinary  Glucose  (Diabetics)  (D) 

+0.031 

+0.009 

Fasting  Urinary  Glucose  (Nondiabetics)  (D) 

- 

-- 

2-Hour  Postprandial  Urinary  Glucose 

NS* 

NS* 

(Nondiabetics)  (D) 

Serum  Insulin  (All  Participants)  (C) 

NS 

NS 

Serum  Insulin  (All  Participants)  (D) 

Low  vs.  Normal 

ns 

ns* 

High  vs.  Normal 

ns 

NS 

Serum  Insulin  (Diabetics)  (C) 

ns 

ns 

Serum  Insulin  (Diabetics)  (D) 

-0.003 

**(ns*) 

Serum  Insulin  (Nondiabetics)  (C) 

+0.048 

+0.035 

Serum  Insulin  (Nondiabetics)  (D) 

Low  vs.  Normal 

ns 

**(ns) 

High  vs.  Normal 

NS 

**(+0.047) 

Serum  Glucagon  (All  Participants)  (C) 

NS 

**(NS) 

Serum  Glucagon  (All  Participants)  (D) 

ns 

ns 

Serum  Glucagon  (Diabetics)  (C) 

ns 

ns 

Serum  Glucagon  (Diabetics)  (D) 

ns 

NS 

Serum  Glucagon  (Nondiabetics)  (C) 

NS* 

+0.041 

Serum  Glucagon  (Nondiabetics)  (D) 

- 

- 

a-l-C  Hemoglobin  (All  Participants)  (C) 

NS* 

a-l-C  Hemoglobin  (All  Participants)  (D) 

NS 

**(NS) 

a-l-C  Hemoglobin  (Diabetics)  (C) 

NS* 

NS 

a-l-C  Hemoglobin  (Diabetics)  (D) 

NS 

NS 

a-l-C  Hemoglobin  (Nondiabetics)  (C) 

ns 

NS 

a-l-C  Hemoglobin  (Nondiabetics)  (D) 

NS 

NS 

Urinary  Protein  (Diabetics)  (D) 

NS 

NS 

Serum  Proinsulin  (Diabetics)  (C) 

NS 

ns 

Serum  Proinsulin  (Diabetics)  (D) 

NS 

NS 

Serum  C  Peptide  (Diabetics)  (C) 

ns 

ns* 

Serum  C  Peptide  (Diabetics)  (D) 

ns 

ns 

Total  Testosterone  (C)® 

NS 

**(ns) 
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Table  18-81.  (Continued) 

Summary  of  Initial  Dioxin  Analyses  (Model  2)  for  Endocrine  Variables 

(Ranch  Hands  Only) 


Variable 

Unadjusted 

Adjusted 

Total  Testosterone  (D) 

NS 

**(NS) 

Free  Testosterone  (Cf 

NS 

ns 

Free  Testosterone  (D) 

NS 

NS 

Sex  Hormone  Binding  Globulin  (D) 

ns 

ns 

Total  Testosterone  to  Sex  Hormone  Binding 
Globulin  Ratio  (D) 

ns 

NS 

Estradiol  (C) 

NS 

NS* 

Estradiol  (D) 

NS 

NS 

Luteinizing  Hormone  (LH)  (C) 

-0.012 

ns* 

Luteinizing  Hormone  (LH)  (D) 

NS 

-1-0.042 

Follicle  Stimulating  Hormone  (FSH)  (C) 

ns 

ns 

Follicle  Stimulating  Hormone  (FSH)  (D) 

ns 

NS 

^  Negative  slope  considered  adverse  for  this  variable. 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+  :  Relative  risk  >1.00  for  discrete  analysis  or  slope  nonnegative  for  continuous  analysis. 

Relative  risk  <  1.00  for  discrete  analysis  or  slope  negative  for  continuous  analysis. 

— :  Analysis  not  performed  due  to  sparse  number  of  abnormalities. 

NS  or  ns:  Not  significant  (p>0.10). 

NS*  or  ns*:  Marginally  significant  (0.05  <p  <0.10). 

**(NS)  or  **(ns):  Log2  (initial  dioxin)“by-covariate  interaction  (0.01  <p<0.05);  not  significant  when 
interaction  is  deleted;  refer  to  Appendix  N-2  for  furdier  analysis  of  this  interaction. 

**(NS*)  or  **(ns*):  Log2  (initial  dioxin)-by-covariate  interaction  (0.01  <p<0.05);  marginally  significant  when 
interaction  is  deleted;  refer  to  Appendix  N-2  for  further  analysis  of  this  interaction. 

**(...):  Log2  (initial  dioxin)“by“COvariate  interaction  (0.01  <p<0.05);  significant  when  interaction  is  deleted 
and  p-value  is  given  in  parentheses;  refer  to  Appendix  N-2  for  further  analysis  of  this  interaction. 

****  Log2  (initial  dioxin)-by-covariate  interaction  (p<0.01);  refer  to  Appendix  N-2  for  further  analysis  of  this 
interaction. 

Note:  P-value  given  if  p  <0.05. 

A  capital  “NS”  denotes  a  relative  risk  1.00  or  greater  for  discrete  analysis  or  slope  nonnegative  for 
continuous  analysis;  a  lower  case  “ns”  denotes  relative  risk  less  than  1.00  for  discrete  analysis  or  slope 
negative  for  continuous  analysis. 
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Table  18-82. 

Summary  of  Categorized  Dioxin  Analyses  (Model  3)  for  Endocrine  Variables 

(Ranch  Hands  vs.  Comparisons) 


DNAD3USTED 

Background 

Low  Ranch 

High  Ranch 

Low  plus  High 

Ranch  Hands  vs*; 

Hands  vs. 

i  Hands  vs. 

Ranch  Hands  vs. 

Variable 

Comparisons 

Ccnnparisons  Comparisons 

Comparisons 

Verified  Medical  Records 

Past  Thyroid  Gland  (D) 

NS 

ns 

ns 

ns 

Composite  Diabetes  Indicator  (D) 

Diabetic  Severity  (D) 

NS 

NS 

NS 

NS 

No  Treatment  vs.  Nondiabetic 

NS 

NS 

ns 

NS 

Diet  Only  vs.  Nondiabetic 

ns 

NS 

NS 

NS 

Oral  Hypoglycemic  vs.  Nondiabetic 

ns 

NS* 

NS 

Insulin  Dependent  vs.  Nondiabetic 

NS* 

NS 

NS 

NS 

Time  to  Diabetes  Onset^  (C) 

NS 

ns 

ns 

ns 

Physical  Examination 

Thyroid  Gland  (D) 

NS 

ns 

ns 

Testicular  Volume:  Minimum^  (C) 

NS 

ns 

NS 

ns 

Testicular  Volume:  Total®  (C) 

ns 

ns 

ns 

ns 

Retinopathy  Results  (Diabetics)  (D) 

NS 

ns 

NS 

NS 

Neuropathy  Results  (Diabetics)  (D) 

NS 

ns 

NS 

NS 

Radial  Pulses  (Doppler)  (Diabetics)  (D) 

NS 

NS 

- 

NS 

Femoral  Pulses  (Doppler)  (Diabetics)  (D) 

NS 

NS 

ns 

NS 

Popliteal  Pulses  (Doppler) 

(Diabetics)  (D) 

ns 

NS 

NS 

NS 

Dorsalis  Pedis  Pulses  (Doppler) 
(Diabetics)  (D) 

ns 

ns 

NS* 

NS 

Posterior  Tibial  Pulses  (Doppler) 
(Diabetics)  (D) 

ns 

NS 

NS* 

NS 

Leg  Pulses  (Doppler)  (Diabetics)  (D) 

ns 

ns 

-H0.009 

NS 

Peripheral  Pulses  (Doppler) 

(Diabetics)  (D) 

NS 

ns 

-1-0.013 

NS 

Laboratory 

Thyroid  Stimulating  Hormone  (TSH)  (C) 

NS 

NS 

NS 

NS 

Thyroid  Stimulating  Hormone  (TSH)  (D) 

ns 

ns 

NS 

NS 

Thyroxine  (T4)®  (C) 

ns 

NS 

NS 

NS 

Thyroxine  (T4)  (D) 

ns 

ns 

ns 

ns 

Anti-Thyroid  Antibodies 

NS 

NS* 

NS 

-1-0.048 

Fasting  Glucose  (All  Participants)  (C) 

NS 

ns 

NS 

NS 
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Table  18-82.  (Continued) 

Summary  of  Categorized  Dioxin  Analyses  (Model  3)  for  Endocrine  Variables 

(Ranch  Hands  vs.  Comparisons) 


UNADJUSTED 


Variable 

Background 
Ranch  Hands  vs* 
Comparisons 

Low  Ranch  High  Ranch 
Hands  vs.  Hands  ys. 

Comparisons  Comparisons 

Low  plus  High 
Ranch  Hands  vs  . 
Comparisons 

Fasting  Glucose  (All  Participants)  (D) 

ns 

NS 

NS 

NS 

Fasting  Glucose  (Diabetics)  (C) 

ns 

ns 

NS 

NS 

Fasting  Glucose  (Diabetics)  (D) 

NS 

NS 

NS 

NS 

Fasting  Glucose  (Nondiabetics)  (C) 

NS 

NS 

ns 

ns 

Fasting  Glucose  (Nondiabetics)  (D) 

ns 

NS 

ns 

ns 

2-Hour  Postprandial  Glucose 
(Nondiabetics)  (C) 

ns 

NS 

NS 

NS 

2-Hour  Postprandial  Glucose 
(Nondiabetics)  (D) 

ns 

NS 

-f  0.031 

-f-0.031 

Fasting  Urinary  Glucose  (All 

Participants)  (D) 

ns 

ns 

NS 

NS 

Fasting  Urinary  Glucose  (Diabetics)  (D) 

ns 

ns 

NS 

NS 

Fasting  Urinary  Glucose 
(Nondiabetics)  (D) 

— 

2-Hour  Postprandial  Urinary 

Glucose  (D) 

ns 

NS 

NS* 

NS 

Serum  Insulin  (All  Participants)  (C) 

Serum  Insulin  (All  Participants)  (D) 

ns 

NS 

NS 

NS 

Low  vs.  Normal 

ns 

ns 

ns 

ns 

High  vs.  Normal 

ns 

ns 

ns 

ns 

Serum  Insulin  (Diabetics)  (C) 

NS 

NS* 

ns 

NS 

Serum  Insulin  (Diabetics)  (D) 

NS 

NS 

ns 

ns 

Serum  Insulin  (Nondiabetics)  (C) 

Serum  Insulin  (Nondiabetics)  (D) 

ns 

ns 

NS* 

NS 

Low  vs.  Normal 

ns 

ns 

ns 

ns 

High  vs.  Normal 

-0.040 

ns 

NS 

ns 

Serum  Glucagon  (All  Participants)  (C) 

ns 

ns 

ns 

ns 

Serum  Glucagon  (All  Participants)  (D) 

NS 

NS 

- 

NS 

Serum  Glucagon  (Diabetics)  (C) 

NS 

NS 

ns 

ns 

Serum  Glucagon  (Diabetics)  (D) 

NS 

NS 

- 

NS 

Serum  Glucagon  (Nondiabetics)  (C) 

ns* 

ns 

NS 

ns 

Serum  Glucagon  (Nondiabetics)  (D) 

- 

- 

- 

— 

a-l-C  Hemoglobin  (All  Participants)  (C) 

ns 

NS 

NS 

NS 

a-l'C  Hemoglobin  (All  Participants)  (D) 

NS 

NS 

NS 

NS 
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Table  18-82.  (Continued) 

Summary  of  Categorized  Dioxin  Analyses  (Model  3)  for  Endocrine  Variables 

(Ranch  Hands  vs.  Comparisons) 


13NADJUSTED 


Variable 

Background 
Rancb  Hands  vs. 
Comparisons 

Low  Ranch  High  Ranch 
Hands  vs.  iBmdsvs. 

Cmnparisons  Comparisons 

Low  plus  Ehgh 
Ranch  Hands  vs, 
Comparisons 

a-l-C  Hemoglobin  (Diabetics)  (C) 

ns 

ns 

NS* 

NS 

a-l-C  Hemoglobin  (Diabetics)  (D) 

NS 

NS 

NS 

NS* 

a-l-C  Hemoglobin  (Nondiabetics)  (C) 

ns 

ns 

ns* 

ns* 

or-l-C  Hemoglobin  (Nondiabetics)  (D) 

NS 

ns 

ns 

ns 

Urinary  Protein  (Diabetics)  (D) 

NS 

ns 

ns 

ns 

Serum  Proinsulin  (Diabetics)  (C) 

ns 

ns 

ns 

ns 

Serum  Proinsulin  (Diabetics)  (D) 

ns 

ns 

NS 

NS 

Serum  C  Peptide  (Diabetics)  (C) 

NS 

+0.017 

NS 

NS* 

Serum  C  Peptide  (Diabetics)  (D) 

ns 

NS 

ns 

ns 

Total  Testosterone^  (C) 

+0.031 

NS 

ns 

NS 

Total  Testosterone  (D) 

ns 

ns 

NS 

ns 

Free  Testosterone^  (C) 

ns 

NS 

+0.033 

NS* 

Free  Testosterone  (D) 

ns* 

ns* 

ns 

ns 

Sex  Hormone  Binding  Globulin  (D) 

NS 

ns 

ns 

ns* 

Total  Testosterone  to  Sex  Hormone 
Binding  Globulin  Ratio  (D) 

ns 

ns 

NS 

ns 

Estradiol  (C) 

ns 

ns 

NS 

NS 

Estradiol  (D) 

ns 

ns 

ns 

ns 

Luteinizing  Hormone  (LH)  (C) 

NS 

+0.006 

ns 

NS 

Luteinizing  Hormone  (LH)  (D) 

NS 

ns 

ns 

ns 

Follicle  Stimulating  Hormone  (FSH)  (C) 

NS 

NS* 

ns 

NS 

Follicle  Stimulating  Hormone  (FSH)  (D) 

NS 

NS 

ns 

NS 

^  Negative  difference  considered  adverse  for  this  variable. 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+  :  Relative  risk  >  1.00  for  discrete  analysis  or  difference  of  means  nonnegative  for  continuous  analysis. 

Relative  risk  <  1.00  for  discrete  analysis  or  difference  of  means  negative  for  continuous  analysis. 

— :  Analysis  not  performed  due  to  sparse  number  of  abnormalities. 

NS  or  ns:  Not  significant  (p>0.10). 

NS*  or  ns*:  Marginally  significant  (0.05  <p<0.10). 

Note:  P-value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  1.00  or  greater  for  discrete  analysis  or  difference  of  means 
nonnegative  for  continuous  analysis;  a  lower  case  “ns”  denotes  relative  risk  less  than  1 .00  for  discrete 
analysis  or  difference  of  means  negative  for  continuous  analysis. 
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Table  18-82.  (Continued) 

Summary  of  Categorized  Dioxin  Analyses  (Model  3)  for  Endocrine  Variables 

(Ranch  Hands  ts.  Comparisons) 


ADJUSTED 


Variable 

Background 
Ranch  Hands  vs. 
Comparisons 

Low  Ranch  •; 
Hands  vsv 
Comparisons 

High  Ranch 
Hands  vs. : 
Comparisons 

Low  plus  High 
Ranch  Hands  vs. 
Comparisons 

Verified  Medical  Records 

Past  Thyroid  Disease  (D) 

**(NS) 

**(ns) 

**(ns) 

**(ns) 

Composite  Diabetes  Indicator  (D) 

**(ns) 

**(NS) 

**(NS) 

**(NS) 

Diabetic  Severity  (D) 

No  Treatment  vs.  Nondiabetic 

ns 

NS 

NS 

NS 

Diet  Only  vs.  Nondiabetic 

ns 

NS 

NS 

NS 

Oral  Hypoglycemic  vs.  Nondiabetic 

- 

ns 

+0.033 

NS 

Insulin  Dependent  vs.  Nondiabetic 

NS 

NS 

NS 

NS 

Time  to  Diabetes  Onset®  (C) 

NS 

ns 

ns 

ns 

Physical  Examination 

Thyroid  Gland  (D) 

NS 

- 

ns 

ns 

Testicular  Volume:  Minimum®  (C) 

NS 

NS 

ns 

ns 

Testicular  Volume:  Total®  (C) 

NS 

NS 

ns 

ns 

Retinopathy  Results  (Diabetics)  (D) 

NS 

ns 

NS 

NS 

Neuropathy  Results  (Diabetics)  (D) 

NS 

ns 

NS* 

NS 

Radial  Pulses  (Doppler)  (Diabetics)  (D) 

- 

- 

- 

- 

Femoral  Pulses  (Doppler)  (Diabetics)  (D) 

NS 

NS 

ns 

NS 

Popliteal  ihilses  (Doppler) 

ns 

NS 

NS 

NS 

(Diabetics)  (D) 

Dorsalis  Pedis  Pulses  (Doppler) 

ns 

ns 

+0.029 

NS 

(Diabetics)  (D) 

Posterior  Tibial  Pulses  (Doppler) 

ns 

NS 

NS* 

NS 

(Diabetics)  (D) 

Leg  Pulses  (Doppler)  (Diabetics)  (D) 

ns 

ns 

+0.013 

NS 

Peripheral  Pulses  (Doppler) 

ns 

ns* 

+0.017 

NS 

(Diabetics)  (D) 

Laboratory 

Thyroid  Stimulating  Hormone  (TSH)  (C) 

NS 

NS 

NS 

NS 

Thyroid  Stimulating  Hormone  (TSH)  (D) 

ns 

ns 

NS 

NS 

Thyroxine  (T4)®  (C) 

NS 

NS 

ns 

ns 

Thyroxine  (T4)  (D) 

ns 

ns 

NS 

ns 

Anti-TTiyroid  Antibodies 

NS 

NS* 

NS 

+0.048 
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Table  18-82.  (Continued) 

Summary  of  Categorized  Dioxin  Analyses  (Model  3)  for  Endocrine  Variables 

(Ranch  Hands  ts.  Comparisons) 


ADJUSTED 

Variable 

Background 
Ranch  Hands  ts. 
Comparisons 

Low  Ranch  ■ 
Hwds  TS. 
Cmnparisons 

High  Ranch 

F^ds  TS. 

Comparisons 

Low  plus  High 
Ranch  Hands  vs. 
Comparisons 

Fasting  Glucose  (All  Participants)  (C) 

**(ns) 

**(ns) 

**(NS*) 

**(NS) 

Fasting  Glucose  (All  Participants)  (D) 

ns 

NS 

NS 

NS 

Fasting  Glucose  (Diabetics)  (C) 

NS 

ns 

NS 

ns 

Fasting  Glucose  (Diabetics)  (D) 

**(NS) 

**(ns) 

**(NS) 

**(ns) 

Fasting  Glucose  (Nondiabetics)  (C) 

Fasting  Glucose  (Nondiabetics)  (D) 

ns 

NS 

ns 

ns 

2-Hour  Postprandial  Glucose 
(Nondiabetics)  (C) 

**(ns) 

**(NS) 

**(NS) 

**(NS) 

2-Hour  Postprandial  Glucose 
(Nondiabetics)  (D) 

ns 

NS 

+0.023 

+0.040 

Fasting  Urinary  Glucose  (All 

Participants)  (D) 

**(ns) 

**(ns) 

**(NS) 

**(NS) 

Fasting  Urinary  Glucose  (Diabetics)  (D) 

Fasting  Urinary  Glucose 
(Nondiabetics)  (D) 

— 

— 

“ 

2-Hour  Postprandial  Urinary  Glucose 
(Nondiabetics)  (D) 

NS 

NS 

NS 

NS 

Serum  Insulin  (All  Participants)  (C) 

Serum  Insulin  (All  Participants)  (D) 

Low  vs.  Normal 

**(ns) 

**(ns) 

**(ns) 

**(ns) 

High  vs.  Normal 

**(ns) 

**(ns) 

**(ns) 

**(ns) 

Serum  Insulin  (Diabetics)  (C) 

NS 

+0.027 

ns 

NS 

Serum  Insulin  (Diabetics)  (D) 

**(NS) 

**(NS) 

**(ns) 

**(NS) 

Serum  Insulin  (Nondiabetics)  (C) 

Serum  Insulin  (Nondiabetics)  (D) 

**(ns) 

**(ns) 

**(NS) 

**(NS) 

Low  vs.  Normal 

High  vs.  Normal 

Serum  Glucagon  (All  Participants)  (C) 

**(ns) 

**(ns) 

**(NS) 

**(ns) 

Serum  Glucagon  (All  Participants)  (D) 

- 

- 

- 

~ 

Serum  Glucagon  (Diabetics)  (C) 

**(NS) 

**(NS) 

**(ns) 

**(ns) 

Serum  Glucagon  (Diabetics)  (D) 

- 

- 

- 

Serum  Glucagon  (Nondiabetics)  (C) 

ns* 

ns 

NS 

ns 

Serum  Glucagon  (Nondiabetics)  (D) 

- 

- 

- 

“ 
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Table  18-82.  (Continued) 

Sununary  of  Categorized  Dioxin  Analyses  (Model  3)  for  Endocrine  Variables 

(Ranch  Hands  vs.  Comparisons) 


ADJUSTED 

Variable 

Background 
Ranch  Hands  vs. 
Comparisons 

Low  Ranch 
Hands  vs. 
Comparisons 

High  Ranch 
fi^ds  vs. 
Comparisons 

Low  plus  High 
Ranch  Hands  vs. 
Comparisons 

a-l-C  Hemoglobin  (All  Participants)  (C) 

**(ns) 

**(ns) 

**(NS) 

**(NS) 

a-l-C  Hemoglobin  (All  Participants)  (D) 

NS 

NS 

NS 

NS 

a-l-C  Hemoglobin  (Diabetics)  (C) 

NS 

ns 

NS 

NS 

a-l-C  Hemoglobin  (Diabetics)  (D) 

ns 

NS 

NS 

NS 

a-l-C  Hemoglobin  (Nondiabetics)  (C) 

NS 

ns 

ns 

ns* 

a-l-C  Hemoglobin  (Nondiabetics)  (D) 

NS 

ns 

ns 

ns 

Urinary  Protein  (Diabetics)  (D) 

NS 

ns 

ns 

ns 

Serum  Proinsulin  (Diabetics)  (C) 

ns 

ns 

NS 

NS 

Serum  Proinsulin  (Diabetics)  (D) 

ns 

ns 

ns 

ns 

Serum  C  Peptide  (Diabetics)  (C) 

**(ns) 

**(+0.008) 

**(NS) 

**(+0.038) 

Serum  C  Peptide  (Diabetics)  (D) 

Total  Testosterone  (C)^ 

+0.004 

NS 

ns* 

ns 

Total  Testosterone  (D) 

**(ns) 

**(ns) 

**(NS) 

**(ns) 

Free  Testosterone  (C)^ 

NS 

NS 

ns 

NS 

Free  Testosterone  (D) 

ns* 

ns* 

ns 

ns 

Sex  Hormone  Binding  Globulin  (D) 

NS 

ns 

ns 

-0.038 

Total  Testosterone  to  Sex  Hormone 
Binding  Globulin  Ratio  (D) 

ns 

ns 

NS. 

NS 

Estradiol  (C) 

ns 

ns 

NS 

ns 

Estradiol  (D) 

ns 

ns 

ns 

ns 

Luteinizing  Hormone  (LH)  (C) 

NS 

+0.019 

ns 

NS 

Luteinizing  Hormone  (LH)  (D) 

ns 

ns 

ns 

ns 

Follicle  Stimulating  Hormone  (FSH)  (C) 

ns 

NS 

NS 

NS 

Follicle  Stimulating  Hormone  (FSH)  (D) 

NS 

NS 

NS 

NS 
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Table  18-82.  (Continued) 

Sununary  of  Categorized  Dioxin  Analyses  (Model  3)  for  Endocrine  Variables 

(Ranch  Hands  vs.  Comparisons) 

®  Negative  difference  considered  adverse  for  this  variable. 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+  :  Relative  risk  >  1.00  for  discrete  analysis  or  difference  of  means  nomegative  for  continuous  analysis. 
Relative  risk  <1.00  for  discrete  analysis  or  difference  of  means  negative  for  continuous  analysis. 

Analysis  not  perforemd  due  to  sparse  number  of  abnormalities. 

NS  or  ns:  Not  significant  (p>0.10). 

NS*  or  ns*:  Marginally  significant  (0.05  <p <0.10). 

**(NS)  or  **(ns):  Categorized  dioxin-by-covariate  interaction  (0.01  <p<0.05);  not  significant  when 
interaction  is  deleted;  refer  to  Appendix  N-2  for  further  analysis  of  this  interaction. 
**(NS*):  Categorized  dioxin-by-covariate  interaction  (0.01  <p<0.05);  marginally  significant  when  interaction 
is  deleted;  refer  to  Appendix  N-2  for  further  analysis  of  this  interaction. 

**(...):  Categorized  dioxin-by-covariate  interaction  (0.01  <p<0.05);  significant  when  interaction  is  deleted  and 
p-value  is  given  in  parentheses;  refer  to  Appendix  N-2  for  further  analysis  of  this  interaction. 

****  Categorized  dioxin-by-covariate  interaction  (p<0.01);  refer  to  Appendix  N-2  for  further  analysis  of  this 
interaction. 

Note:  P-value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  1.00  or  greater  for  discrete  analysis  or  difference  of  means 
nonnegative  for  continuous  analysis;  a  lower  case  “ns”  denotes  relative  risk  less  than  1 .00  for  discrete 
analysis  or  difference  of  means  negative  for  continuous  analysis. 
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Table  18-83. 

Summary  of  Current  Dioxin  Analyses  (Models  4,  5,  and  6)  for  Endocrine  Variables 

(Ranch  Hands  Only) 


Variable 

UNADJUSTED 

Model  6: 

Modd  4:  Model  5:  Whole-Weight  Cuirent 

Lipid^Adjusted  Whole- Weight  Dioxin  Adjusted  for 

Current  Dioxin  Current  Dioxin  Total  Upids 

Verifled  Medical  Records 

Past  Thyroid  Disease  (D) 

ns 

ns 

ns 

Composite  Diabetes  Indicator  (D) 

+0.005 

+  <0.001 

+0.050 

Diabetic  Severity  (D) 

No  Treatment  vs.  Nondiabetic 

NS 

NS 

NS 

Diet  Only  vs.  Nondiabetic 

NS* 

+0.007 

+0.020 

Oral  Hypoglycemic  vs.  Nondiabetic 

+  <0.001 

+  <0.001 

+  <0.001 

Insulin  Dependent  vs.  Nondiabetic 

ns 

ns 

ns* 

Time  to  Diabetes  Onset®  (C) 

-0.004 

-0.001 

-0.026 

Physical  Examination 

Thyroid  Gland  (D) 

ns 

ns 

ns 

Testicular  Volume:  Minimum^  (C) 

ns 

ns 

ns 

Testicular  Volume:  Total®  (C) 

ns 

ns 

ns 

Retinopathy  Results  (Diabetics)  (D) 

NS* 

NS* 

NS 

Neuropathy  Results  (Diabetics)  (D) 

NS 

NS 

NS 

Radial  Pulses  (Doppler)  (Diabetics)  (D) 

ns 

ns 

ns 

Femoral  Pulses  (Doppler)  (Diabetics)  (D) 

ns 

ns 

ns 

Popliteal  Pulses  (Doppler)  (Diabetics)  (D) 

NS 

NS 

ns 

Dorsalis  Pedis  Pulses  (Doppler)  (Diabetics)  (D) 

NS 

NS 

NS 

Posterior  Tibial  Pulses  (Doppler)  (Diabetics)  (D) 

ns 

NS 

ns 

Leg  Pulses  (Doppler)  (Diabetics)  (D) 

NS 

NS 

NS 

Peripheral  Pulses  (Doppler)  (Diabetics)  (D) 

NS 

NS 

NS 

Laboratory 

Thyroid  Stimulating  Hormone  (TSH)  (C) 

NS 

NS 

NS 

Thyroid  Stimulating  Hormone  (TSH)  (D) 

NS 

NS 

NS 

Thyroxine  (T4)®  (C) 

NS* 

NS 

NS 

Thyroxine  (T4)  (D) 

NS 

NS 

NS 

Anti-Thyroid  Antibodies  (D) 

NS 

NS 

NS 

Fasting  Glucose  (All  Participants)  (C) 

+  <0.001 

+  <0.001 

+0.005 

Fasting  Glucose  (All  Participants)  (D) 

+0.011 

+0.001 

NS* 
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Table  18-83.  (Continued) 

Summary  of  Current  Dioxin  Analyses  (Models  4,  5,  and  6)  for  Endocrine  Variables 

(Ranch  Hands  Only) 


UNADJUSTED 


Variable 


Model  6: 

Modd  4:  Model  5:  Whole^Weight  Cuirrat 

Lipid-Adjusted  y^oIe-Wdgjit  Dioxin  Adjusted  for 
Current  IMoxin  Current  Dioxin  Total  Lipids 


Fasting  Glucose  (Diabetics)  (C) 


+0.001 
NS 


+  <0.001 

NS 


+0.025 

NS 


Fasting  Glucose  (Diabetics)  (D) 

Fasting  Glucose  (Nondiabetics)  (C) 

Fasting  Glucose  (Nondiabetics)  (D) 

2-Hour  Postprandial  Glucose  (Nondiabetics)  (C) 

2-Hour  Postprandial  Glucose  (Nondiabetics)  (D) 

Fasting  Urinary  Glucose  (All  Participants)  (D) 

Fasting  Urinary  Glucose  (Diabetics)  (D) 

Fasting  Urinary  Glucose  (Nondiabetics)  (D) 

2-Hour  Postprandial  Urinary  Glucose 
(Nondiabetics)  (D) 

Serum  Insulin  (All  Participants)  (C) 

Serum  Insulin  (All  Participants)  (D) 

Low  vs.  Normal 
High  vs.  Normal 

Serum  Insulin  (Diabetics)  (C) 

Serum  Insulin  (Diabetics)  (D) 

Serum  Insulin  (Nondiabetics)  (C) 

Serum  Insulin  (Nondiabetics)  (D) 

Low  vs.  Normal 
High  vs.  Normal 

Serum  Glucagon  (All  Participants)  (C) 

Serum  Glucagon  (All  Participants)  (D) 

Serum  Glucagon  (Diabetics)  (C) 

Serum  Glucagon  (Diabetics)  (D) 

Serum  Glucagon  (Nondiabetics)  (C) 

Serum  Glucagon  (Nondiabetics)  (D) 
a-l-C  Hemoglobin  (All  Participants)  (C) 
a-l-C  Hemoglobin  (All  Participants)  (D) 
a-l-C  Hemoglobin  (Diabetics)  (C) 
a-l-C  Hemoglobin  (Diabetics)  (D) 


ns 

NS 

ns 

NS 

NS 

ns 

+  <0.001 

+  <0.001 

+0.001 

+0.001 

+  <0.001 

+0.002 

+  <0.001 

+  <0.001 

+0.001 

+0.005 

+0.002 

+0.018 

+0.018 

+0.005 

NS* 

+  <0.001 

+  <0.001 

+  <0.001 

-0.038 

-0.021 

-0.021 

+0.016 

+0.002 

+0.013 

ns 

ns 

ns 

-0.008 

-0.011 

-0.029 

+  <0.001 

+  <0.001 

+  <0.001 

ns 

ns 

ns* 

+  <0.001 

+  <0.001 

+  <0.001 

NS* 

+0.023 

NS 

ns 

ns 

NS 

ns 

NS 

ns 

ns 

ns 

NS 

+0.025 

+0.013 

+0.047 

+0.001 

+  <0.001 

+0.042 

NS* 

+0.016 

NS 

+0.010 

+0.008 

NS* 

NS 

NS 

NS 
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Table  18-83.  (Continued) 

Summary  of  Current  Dioxin  Analyses  (Models  4,  5,  and  6)  for  Endocrine  Variables 

(Ranch  Hands  Only) 


UNADJUSTED 

Variable 

Model  4:  Model  5: 

Lipid-Adjusted  WboIe^WeigJit 
Cinr^t  Dioxin  Current  Dioxin 

Modd  6: 

Whole-Wdght  Current 
Dioxin  Adjusted  for 
Total  Opids 

ot-l-C  Hemoglobin  (Nondiabetics)  (C) 

ns 

ns 

ns 

a-l-C  Hemoglobin  (Nondiabetics)  (D) 

ns 

NS 

ns 

Urinary  Protein  (Diabetics)  (D) 

NS 

NS 

NS 

Serum  Proinsulin  (Diabetics)  (C) 

NS 

-1-0.047 

NS 

Serum  Proinsulin  (Diabetics)  (D) 

NS* 

-1-0.031 

NS 

Serum  C  Peptide  (Diabetics)  (C) 

NS 

NS 

NS 

Serum  C  Peptide  (Diabetics)  (D) 

ns 

ns 

NS 

Total  Testosterone  (C)® 

-<0.001 

-<0.001 

-<0.001 

Total  Testosterone  (D) 

-1-0.033 

4-0.012 

NS* 

Free  Testosterone  (C)^ 

ns 

ns 

ns 

Free  Testosterone  (D) 

-H0.004 

-1-0.009 

-f-0.002 

Sex  Hormone  Binding  Globulin  (D) 

NS 

NS 

ns 

Total  Testosterone  to  Sex  Hormone  Binding 
Globulin  Ratio  (D) 

NS 

NS 

NS 

Estradiol  (C) 

NS 

NS 

NS 

Estradiol  (D) 

NS 

NS 

NS 

Luteinizing  Hormone  (LH)  (C) 

-0.035 

ns* 

-0.035 

Luteinizing  Hormone  (LH)  (D) 

ns 

ns 

ns 

Follicle  Stimulating  Hormone  (FSH)  (C) 

ns 

ns 

ns 

Follicle  Stimulating  Hormone  (FSH)  (D) 

ns 

NS 

ns 

^  Negative  slope  considered  adverse  for  this  variable. 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

•f:  Relative  risk  >  1.00  for  discrete  analysis  or  slope  nonnegative  for  continuous  analysis. 

Relative  risk  <  1.00  for  discrete  analysis  or  slope  negative  for  continuous  analysis. 

Analysis  not  performed  due  to  sparse  number  of  abnormalities. 

NS  or  ns:  Not  significant  (p>0.10). 

NS*  or  ns*:  Marginally  significant  (0.05  <p <0.10). 

Note:  P-value  given  if  p< 0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1.00  or  greater  for  discrete  analysis  or  slope  nonnegative  for 
continuous  analysis;  a  lower  case  “ns”  denotes  relative  risk  less  than  1.00  for  discrete  analysis  or  slope 
negative  for  continuous  analysis. 
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Table  18-83.  (Continued) 

Summary  of  Current  Dioxin  Analyses  (Models  4,  5,  and  6)  for  Endocrine  Variables 

(Ranch  Hands  Only) 


Variable 

ADJUSTED 

Model  4: 
Lipid-Adjusted 
Curr^t  Dioxin 

Model  5: 
Whole-Weight 
Current  Dioxin 

Modd  6: 

Whole-Weight  Coirent 
Dioxin  Adjusted  for 
Total  Lipids 

Verified  Medical  Records 

Past  Thyroid  Disease  (D) 

**(ns) 

NS 

ns 

Composite  Diabetes  Indicator  (D) 

+0.002 

+  <0.001 

+0.041 

Diabetic  Severity  (D) 

No  Treatment  vs.  Nondiabetic 

**(NS) 

**(NS) 

Diet  Only  vs.  Nondiabetic 

**(+0.007) 

**(+<0.001) 

Oral  Hypoglycemic  vs.  Nondiabetic 

**(+<0.001) 

**(+<0.001) 

Insulin  Dependent  vs.  Nondiabetic 

**(ns) 

**(ns) 

Time  to  Diabetes  Onset^  (C) 

-0.001 

-<0.001 

-0.012 

Physical  Examination 

Thyroid  Gland  (D) 

ns 

ns 

ns 

Testicular  Volume:  Minimum^  (C) 

ns* 

ns 

**(ns*) 

Testicular  Volume:  Total*  (C) 

ns* 

ns 

-0.039 

Retinopathy  Results  (Diabetics)  (D) 

NS* 

NS* 

NS* 

Neuropathy  Results  (Diabetics)  (D) 

NS 

NS 

NS 

Radial  Pulses  (Doppler)  (Diabetics)  (D) 

- 

- 

- 

Femoral  Pulses  (Doppler)  (Diabetics)  (D) 

ns 

ns 

ns 

Popliteal  Pulses  (Doppler)  (Diabetics)  (D) 

ns 

NS 

ns 

Dorsalis  Pedis  Pulses  (Doppler)  (Diabetics)  (D) 

NS 

Posterior  Tibial  Pulses  (Doppler)  (Diabetics)  (D) 

NS 

.  NS 

NS 

Leg  Pulses  (Doppler)  (Diabetics)  (D) 

NS 

**(NS) 

NS 

Peripheral  Pulses  (Doppler)  (Diabetics)  (D) 

**** 

NS 

**(NS) 

Laboratory 

Thyroid  Stimulating  Hormone  (TSH)  (C) 

NS 

NS* 

NS 

Thyroid  Stimulating  Hormone  (TSH)  (D) 

NS 

NS 

NS 

Thyroxine  (T4)  (C) 

ns 

ns 

ns 

Thyroxine  (T4)  (D) 

+0.030 

+0.025 

+0.043 

Anti-Thyroid  Antibodies  (D) 

NS 

NS 

NS 

Fasting  Glucose  (All  Participants)  (C) 

+  <0.001 

**(+<0.001) 

+0.005 

Fasting  Glucose  (All  Participants)  (D) 

+0.038 

+0.005 

NS 

Fasting  Glucose  (Diabetics)  (C) 

+0.046 

+0.017 

NS 

Fasting  Glucose  (Diabetics)  (D) 
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Table  18-83.  (Continued) 

Sununary  of  Current  Dioxin  Analyses  (Models  4,  5,  and  6)  for  Endocrine  Variables 

(Ranch  Hands  Only) 


-  . _ ADJUSTED _ 

Model  6: 

Modd4:  Model  5:  Whole-Weight  Currojt 

Lipid-Adjusted  Whole-Weight  Dioxin  Adjusted  for 
Variable  ICmroit  Dioxin  Current  Dioxin  Lipids 

NS  NS  ns 


Fasting  Glucose  (Nondiabetics)  (C) 

Fasting  Glucose  (Nondiabetics)  (D) 

2-Hour  Postprandial  Glucose  (Nondiabetics)  (C) 
2-Hour  Postprandial  Glucose  (Nondiabetics)  (D) 
Fasting  Urinary  Glucose  (All  Participants)  (D) 
Fasting  Urinary  Glucose  (Diabetics)  (D) 

Fasting  Urinary  Glucose  (Nondiabetics)  (D) 

2-Hour  Postprandial  Urinary  Glucose 
(Nondiabetics)  (D) 

Serum  Insulin  (All  Participants)  (C), 

Serum  Insulin  (All  Participants)  (D) 

Low  vs.  Normal 
High  vs.  Normal 

Serum  Insulin  (Diabetics)  (C) 

Serum  Insulin  (Diabetics)  (D) 

Serum  Insulin  (Nondiabetics)  (C) 

Serum  Insulin  (Nondiabetics)  (D) 

Low  vs.  Normal 
High  vs.  Normal 

Serum  Glucagon  (All  Participants)  (C) 

Serum  Glucagon  (All  Participants)  (D) 

Serum  Glucagon  (Diabetics)  (C) 

Serum  Glucagon  (Diabetics)  (D) 

Serum  Glucagon  (Nondiabetics)  (C) 

Serum  Glucagon  (Nondiabetics)  (D) 
a-l-C  Hemoglobin  (All  Participants)  (C) 
a-l-C  Hemoglobin  (All  Participants)  (D) 
a-l-C  Hemoglobin  (Diabetics)  (C) 
a-l-C  Hemoglobin  (Diabetics)  (D) 
a-l-C  Hemoglobin  (Nondiabetics)  (C) 
a-l-C  Hemoglobin  (Npndiabetics)  (D) 

Urinary  Protein  (Diabetics)  (D) 

Serum  Proinsulin  (Diabetics)  (C) 


ns 

ns 

ns 

-1-0.012 

+0.002 

+0.038 

**(-h0.004) 

**(+0.002) 

**(+0.011) 

+  <0.001 

**(+<0.001) 

**(+  <0.001) 

-hO.OlO 

+0.005 

+0.027 

NS* 

+0.011 

**(NS) 

NS* 

+0.015 

**(NS) 

**(ns) 

**(ns) 

ns 

**(NS) 

**(NS) 

NS 

ns 

ns 

ns 

-1-0.025 

+0.001 

NS* 

ns 

ns 

-1-0.005 

+  <0.001 

+0.044 

NS 

ns 

ns 

NS 

NS 

NS 

ns 

ns 

ns 

NS 

+0.044 

+0.027 

NS* 

**(+0.012) 

**(+0.002) 

**(NS) 

NS 

**(NS*) 

**(NS) 

NS 

NS 

NS 

NS* 

+0.035 

NS 

**(ns) 

ns 

ns 

ns 

ns 

ns 

NS 

NS 

NS 

NS 

NS 

ns 
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Table  18-83.  (Continued) 

Summary  of  Current  Dioxin  Analyses  (Models  4,  5,  and  6)  for  Endocrine  Variables 

(Ranch  Hands  Only) 


_  ADJUSTED  _ 

Model  6: 

Modd  4:  Model  S:  Whole-Weight  CmreBt 

Lipid-Adjusted  Whole-Wei^  Dioxin  Adjusted  for 
Variable  Current  Dioxin  Current  Dioxin  Total  Lipids 

4c***  ****  **** 


Serum  Proinsulin  (Diabetics)  (D) 

Serum  C  Peptide  (Diabetics)  (C) 

Serum  C  Peptide  (Diabetics)  (D) 

Total  Testosterone^  (C) 

Total  Testosterone  (D) 

Free  Testosterone^  (C) 

Free  Testosterone  (D) 

Sex  Hormone  Binding  Globulin  (D) 

Total  Testosterone  to  Sex  Hormone  Binding 
Globulin  Ratio  (D) 

Estradiol  (C) 

Estradiol  (D) 

Luteinizing  Hormone  (LH)  (C) 

Luteinizing  Hormone  (LH)  (D) 

Follicle  Stimulating  Hormone  (FSH)  (C) 
Follicle  Stimulating  Hormone  (FSH)  (D) 


US 

ns 

ns 

ns 

**(ns) 

**(ns) 

**** 

**(-<0.001) 

**(-0.021) 

**(NS) 

NS 

NS 

ns 

ns 

ns 

NS 

NS 

NS 

ns 

NS 

ns 

NS 

NS 

NS* 

NS 

NS 

NS 

**** 

**(NS) 

**(NS) 

ns 

ns 

ns 

ns 

NS 

ns 

NS 

NS 

NS 

NS 

NS 

NS 

“  Negative  slope  considered  adverse  for  this  variable. 

C;  Continuous  analysis. 

D:  Discrete  analysis. 

+ :  Relative  risk  >1.00  for  discrete  analysis  or  slope  nonnegative  for  continuous  analysis. 

Relative  risk  <1.00  for  discrete  analysis  or  slope  negative  for  continuous  analysis. 

— :  Analysis  not  performed  due  to  sparse  number  of  abnormalities. 

NS  or  ns:  Not  significant  (p>0.10). 

NS*  or  ns*:  Marginally  significant  (0.05  <p<  0.10). 

**(NS)  or  **(ns):  Log2  (current  dioxin  +  l)-by-covariate  interaction  (p<0.05);  not  significant  when 
interaction  is  deleted;  refer  to  Appendix  N-2  for  further  analysis  of  this  interaction. 
**(NS*)  or  **(ns*):  Log2  (current  dioxin  +  l)-by-covariate  interaction  (0.01  <p<0.05);  marginally  significant 
when  interaction  is  deleted;  refer  to  Appendix  N-2  for  further  analysis  of  this  interaction. 
**(...):  Log2  (current  dioxin  +  l)-by-covariate  interaction  (0.01  <p<0.05);  significant  when  interaction  is 

deleted  and  p-value  given  in  parentheses;  refer  to  Appendix  N-2  for  further  analysis  of  this 
interaction. 

****  Log2  (current  dioxin  +  l)-by-covariate  interaction  (p<0.01);  refer  to  Appendix  N-2  for  a  detailed 
description  of  this  interaction. 

Note:  P-value  given  if  p  <  0.05 . 

A  capital  “NS”  denotes  a  relative  risk  of  1.00  or  greater  for  discrete  analysis  or  a  normegative  slope  for 
continuous  analysis;  a  lower  case  “ns”  denotes  relative  risk  less  than  1.00  for  discrete  analysis  or  slope 
negative  for  continuous  analysis. 
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Table  18-84. 

Summary  of  Group-by-Covariate  and  Dioxin-by-Covariate  Interactions  from  Adjusted 

Analyses  of  Endocrine  Variables 


Model 

Variable 

Covariate 

1^ 

Past  Thyroid  Disease 

Personality  Type 

Retinopathy  Results 

Personality  Type 

Fasting  Glucose  (Diabetics)  (C) 

Age 

Fasting  Glucose  (Nondiabetics)  (C) 

Occupation 

2-Hour  Postprandial  Glucose  (Nondiabetics)  (C) 

Body  Fat,  Family  History  of  Diabetes 

2-Hour  Postprandial  Glucose  (Nondiabetics)  (D) 

Body  Fat 

Serum  Insulin  (All)  (C) 

Age,  Body  Fat 

Serum  Insulin  (All)  (D) 

Age,  Body  Fat 

Serum  Insulin  (Nondiabetics)  (C) 

Body  Fat 

Serum  Insulin  (Nondiabetics)  (D) 

Age,  Body  Fat 

Serum  Glucagon  (Diabetics)  (C) 

Body  Fat,  Diabetic  Severity 

a-l-C  Hemoglobin  (Diabetics)  (C) 

Age 

ce-l-C  Hemoglobin  (Nondiabetics)  (C) 

Body  Fat 

Urinary  Protein  (Diabetics) 

Race 

Total  Testosterone  (C) 

Age 

Total  Testosterone  (D) 

Race,  Personality  Type 

2” 

Composite  Diabetes  Indicator 

Occupation 

Testicular  Volume;  Minimum 

Occupation 

Testicular  Volume:  Total 

Occupation 

Fasting  Glucose  (All)  (C) 

Occupation 

Fasting  Glucose  (Nondiabetics)  (C) 

Occupation 

2-Hour  Postprandial  Glucose  (Nondiabetics)  (D) 

Race 

Serum  Insulin  (Diabetics)  (D) 

Age,  Body  Fat,  Occupation 

Serum  Insulin  (Nondiabetics)  (D) 

Occupation 

Serum  Glucagon  (All)  (C) 

Occupation 

a-l-C  Hemoglobin  (All)  (C) 

Occupation 

a-l-C  Hemoglobin  (All)  (D) 

Occupation 

Total  Testosterone  (C) 

Personality  Type 

Total  Testosterone  (D) 

Occupation 
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Table  18-84.  (Continued) 

Sununary  of  Group-by-Covariate  and  Dioxin-by-Covariate  Interactions  from  Adjusted 

Analyses  of  Endocrine  Variables 


Model 

Variable 

Covariate 

3“= 

Past  Thyroid  Disease 

Personality  Type 

Composite  Diabetes  Indicator 

Occupation 

Fasting  Glucose  (All)  (C) 

Occupation 

Fasting  Glucose  (Diabetics)  (D) 

Body  Fat 

Fasting  Glucose  (Nondiabetics)  (C) 

Occupation 

2-Hour  Postprandial  Glucose  (Nondiabetics)  (C) 

Body  Fat,  Family  History  of  Diabetes 

Fasting  Urinary  Glucose  (All) 

Body  Fat,  Personality  Type 

Fasting  Urinary  Glucose  (Diabetics) 

Body  Fat 

Serum  Insulin  (All)  (C) 

Age 

Serum  Insulin  (All)  (D) 

Age,  Body  Fat,  Occupation, 

Personality  Type 

Serum  Insulin  (Diabetics)  (D) 

Age 

Serum  Insulin  (Nondiabetics)  (C) 

Age 

Serum  Insulin  (Nondiabetics)  (D) 

Occupation 

Serum  Glucagon  (All)  (C) 

Family  History  of  Diabetes 

Serum  Glucagon  (Diabetics)  (C) 

Body  Fat,  Diabetic  Severity 

a-l-C  Hemoglobin  (All)  (C) 

Body  Fat 

Serum  C  Peptide  (Diabetics)  (C) 

Occupation 

Serum  C  Peptide  (Diabetics)  (D) 

Age 

Total  Testosterone  (D) 

Personality  Type 

4‘* 

Past  Thyroid  Disease 

Personality  Type 

Diabetic  Severity 

Occupation 

Peripheral  Pulses 

Family  History  of  Heart  Disease 

Fasting  Glucose  (Diabetics)  (D) 

Body  Fat 

2“Hour  Postprandial  Glucose  (Nondiabetics)  (D) 

Race 

Serum  Insulin  (All)  (D) 

Body  Fat 

Serum  Insulin  (Diabetics)  (D) 

Body  Fat 

Serum  Glucagon  (All)  (C) 

Family  History  of  Diabetes 

a-l-C  Hemoglobin  (All)  (C) 

Body  Fat 

a-l-C  Hemoglobin  (Nondiabetics)  (C) 

Race 

Serum  Proinsulin  (Diabetics)  (D) 

Occupation 

Total  Testosterone  (Diabetics)  (C) 

Occupation 

Total  Testosterone  (D) 

Occupation 

Estradiol  (D) 

Occupation 
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Table  18-84.  (Continued) 

Sununary  of  Group-by-Covariate  and  Dioxin-by-Covariate  Interactions  from  Adjusted 

Analyses  of  Endocrine  Variables 


Model 

’  Variable.  ■ 

Covariarte 

5" 

Diabetic  Severity 

Occupation 

Dorsalis  Pedis  Pulses  (Doppler)  (Diabetics) 

Lifetime  Cigarette  Smoking  History 

Leg  Pulses  (Doppler)  (Diabetics) 

Lifetime  Cigarette  Smoking  History 

Fasting  Glucose  (All)  (C) 

Body  Fat 

Fasting  Glucose  (Diabetics)  (D) 

Body  Fat 

2-Hour  Postprandial  Glucose  (Nondiabetics)  (D) 

Race 

Fasting  Urinary  Glucose  (All) 

Personality  Type 

Serum  Insulin  (All)  (D) 

Body  Fat 

Serum  Insulin  (Diabetics)  (D) 

Body  Fat 

o!-l-C  Hemoglobin  (All)  (C) 

Age,  Body  Fat 

a-l-C  Hemoglobin  (All)  (D) 

Body  Fat 

Serum  Proinsulin  (Diabetics)  (D) 

Occupation 

Serum  C  Peptide  (Diabetics)  (D) 

Age,  Diabetic  Severity 

Total  Testosterone  (C) 

Occupation 

Estradiol  (D) 

Occupation 

6f 

Diabetic  Severity 

Age 

Testicular  Volume:  Minimum 

Occupation 

Dorsalis  Pedis  Pulses  (Doppler)  (Diabetics) 

Lifetime  Cigarette  Smoking  History 

Peripheral  Pulses  (Doppler)  (Diabetics) 

Family  History  of  Heart  Disease 

Fasting  Glucose  (Diabetics)  (D) 

Body  Fat 

2-Hour  Postprandial  Glucose  (Nondiabetics)  (D) 

Race 

Fasting  Urinary  Glucose  (All) 

Personality  Type 

2-Hour  Postprandial  Urinaiy  Glucose  (Nondiabetics) 

Occupation 

Serum  Insulin  (All)  (C) 

Body  Fat 

Serum  Insulin  (Diabetics)  (D) 

Body  Fat 

Serum  Insulin  (Nondiabetics)  (D) 

Age 

a-l-C  Hemoglobin  (All)  (C) 

Age,  Body  Fat 

a-l-C  Hemoglobin  (All)  (D) 

Body  Fat 

Serum  Proinsulin  (Diabetics)  (D) 

Occupation,  Diabetic  Severity 

Serum  C  Peptide  (Diabetics)  (D) 

Age,  Diabetic  Severity 

Total  Testosterone  (C) 

Occupation 

Estradiol  (D) 

Occupation 

C:  Continuous  Analysis. 

D:  Discrete  Analysis. 

“  Group  Analysis  (Ranch  Hands  vs.  Conq)arison). 

Ranch  Hands— Log2  (Initial  Dioxin). 

'  Categorized  Dioxin. 

Ranch  Hands— Log2  (Current  Lipid-Adjusted  Dioxin  4-  1). 

«  Ranch  Hands— Log2  (Current  Whole- Weight  Dioxin  +  1). 

^  Ranch  Hands— Log2  (Current  Whole-Weight  Dioxin  -t-  1),  Adjusted  for  Total  Lipids. 
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flyer  Ranch  Hands  had  a  significantly  lower  mean  level  of  fasting  glucose  than  did 
Comparisons,  but  this  result  was  nonsignificant  in  the  analysis  of  all  participants  or  diabetics 
alone  (the  unadjusted  analysis  revealed  similar  results).  The  analyses  of  the  seven  pulse 
variables,  all  group  associations,  were  nonsignificant.  In  the  unadjusted  and  adjusted  analyses 
of  all  participants,  mean  serum  glucagon  levels  were  significantly  lower  in  enlisted  flyer 
Ranch  Hands  than  for  the  corresponding  Comparison  category;  however,  stratifying  the 
analysis  of  this  contrast  to  diabetic  and  nondiabetic  participants  revealed  only  a  marginally 
significant  difference  for  nondiabetics.  Serum  C  peptide  exhibited  a  marginally  significant 
positive  effect  for  all  participants  and  for  enlisted  grormdcrew. 

The  analyses  of  the  physical  examination  testes  variables  did  not  uncover  any  significant 
or  notable  findings,  but  analyses  of  the  testosterone  variables  detected  some  significant  results. 
In  the  imadjusted  and  adjusted  analyses,  fi-ee  testosterone  in  its  discrete  form  was  significantly 
associated  with  group  both  overall  and  for  enlisted  flyers,  where  Ranch  Hands  had  a  smaller 
percentage  of  abnormal  low  measurements  than  Comparisons.  A  significant  negative 
association  with  group  also  was  seen  in  the  analysis  of  sex  hormone  binding  globulin.  A 
significant  group  effect  was  seen  in  the  analysis  of  total  testosterone  among  enlisted  flyers 
with  a  higher  mean  level  in  Ranch  Hand  enlisted  flyers  than  in  Comparison  enlisted  flyers, 
and  low  levels  of  testosterone  are  considered  adverse. 

While  not  evident  in  the  unadjusted  analysis,  the  adjusted  analysis  of  follicle  stimulating 
hormone  detected  a  significantly  higher  percentage  of  abnormally  high  measurements  in 
Ranch  Hands  than  Comparisons  for  the  officer  stratum. 

Model  2:  Initial  Dioxin  Analysis 

Few  significant  associations  with  initial  dioxin  were  found  in  the  Model"  2  analyses  of 
the  thyroid  variables.  TSH  and  T4  in  the  discrete  analysis  displayed  marginally  significant 
and  significant  associations  respectively  with  initial  dioxin. 

Several  significant  interactions  between  initial  dioxin  and  occupation  were  found  in  the 
adjusted  analyses  of  the  diabetes  variables.  All  of  these  were  in  the  investigations  of  the 
composite  diabetes  indicator,  fasting  glucose,  serum  insulin,  serum  glucagon,  and  a-l-C 
hemoglobin.  The  composite  diabetes  indicator  was  positively  associated  with  initial  dioxin 
and  marginally  significant.  The  continuous  analyses  of  fasting  glucose  revealed  significant 
and  marginally  significant  positive  associations  with  initial  dioxin  for  all  participants  and 
diabetics  respectively.  While  the  continuous  analyses  of  serum  insulin  on  all  participants  and 
in  diabetics  led  to  nonsignificant  results,  the  analysis  on  nondiabetics  revealed  a  significant 
positive  association  with  initial  dioxin.  Most  adjusted  results  of  discrete  serum  insulin  were 
negative  and  marginally  significant,  although  nondiabetics  exhibited  a  significant  positive 
association  -with  initial  dioxin  for  the  abnormally  high  serum  insulin  category.  The  adjusted 
analysis  of  serum  glucagon  found  a  significant  positive  association  with  initial  dioxin  in 
nondiabetics.  Other  diabetic  endpoints  that  displayed  significant  positive  associations  with 
initial  dioxin  were  fasting  urinary  glucose  and  2-hour  postprandial  glucose.  A  significant 
positive  association  between  initial  dioxin  and  diabetic  severity  was  fotmd  in  the  contrast  of 
Ranch  Hands  using  oral  hypoglycemics  versus  nondiabetics,  but  not  for  the  other  diabetic 
severity  categories. 
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The  analyses  of  the  testes  variables  disclosed  significant  initial  dioxin  interactions 
involving  occupation  and  personality  type.  Marginally  significant  associations  with  initial 
dioxin  were  evident  from  analyses  of  the  minimum  and  total  testicular  volume  endpoints  with 
the  interaction  terms  removed. 

In  the'  Model  2  analyses  of  the  remaining  endocrine  variables,  a  significant  negative 
association  with  initial  dioxin  was  seen  for  luteinizing  hormone  in  the  xmadjusted  analysis,  but 
this  negative  association  was  only  marginally  significant  in  the  adjusted  analysis.  In  the 
adjusted  analysis  of  luteinizing  hormone  in  discrete  form,  a  significant  positive  association 
with  initial  dioxin  was  seen.  A  marginally  significant  positive  association  with  initial  dioxin 
was  seen  for  estradiol  measured  continuously. 

Model  3;  Categorized  Dioxin  Analysis 

Categorized  dioxin  analyses  on  the  thyroid  variables  were  nonsignificant  except  for  the 
analysis  of  anti-thyroid  antibodies.  For  this  endpoint,  a  significantly  greater  percentage  of  low 
and  low  plus  high  Ranch  Hands  had  anti-thyroid  antibodies  than  did  Comparisons. 

The  majority  of  the  analyses  on  the  diabetic  endpoints  for  Model  3  detected  significant 
interactions  between  categorized  dioxin  and  various  covariates  (mainly  body  fat  and 
occupation).  Analogous  to  Model  1  results,  when  supplemental  analysis  was  performed 
removing  these  interactions,  significant  differences  between  Ranch  Hands  and  Comparisons 
were  generally  not  evident.  As  an  exception,  analysis  on  serum  C  peptide  detected  a 
significantly  greater  mean  level  of  serum  C  peptide  in  low  and  low  plus  high  Ranch  Hands 
than  in  Comparisons.  Significant  associations  were  exhibited  in  the  adjusted  analyses  of 
discrete  2-hour  postprandial  glucose  in  high  Ranch  Hands  and  continuous  serum  insulin 
restricted  to  diabetic  low  Ranch  Hands.  Marginally  significant  negative  results  were  seen  in 
the  continuous  analyses  of  serum  glucagon  and  ct-l-C  hemoglobin  in  nondiabetics.  In  the 
analysis  of  discrete  serum  insulin,  associations  in  all  participants,  while  nonsignificant,  were 
negative;  whereas  for  diabetics  most  were  positive.  Also,  more  negative  associations  with 
categorized  dioxin  were  exhibited  for  the  nondiabetic  cohort  in  comparison  to  the  all 
participant  and  diabetic  cohorts  in  the  analyses  of  a-l-C  hemoglobin.  A  significantly  higher 
percentage  of  Ranch  Hands  in  the  high  dioxin  category  used  oral  hypoglycemics  than 
Comparisons,  but  contrasts  were  not  significant  for  the  other  diabetic  severity  categories.  In 
the  analysis  of  the  pulse  variables  in  diabetics,  high  dioxin  Ranch  Hands  had  significantly 
higher  percentages  of  abnormalities  than  Comparisons  for  dorsalis  pedis,  leg,  and  peripheral 
pulses. 

Data  collected  from  the  physical  examination  on  the  testes  variables  were  analyzed  by 
Model  3,  but  results  were  nonsignificant.  For  the  majority  of  the  analyses,  the  laboratory 
testes  variables  disclosed  negative  differences  or  relative  risks  less  than  one  when  comparing 
Ranch  Hands  and  Comparisons.  Of  these  results  that  were  significant,  most  involved  one  of 
the  testosterone  variables.  In  the  imadjusted  analysis  of  mean  free  testosterone  for  high  Ranch 
Hands  versus  Comparisons,  a  significant  difference  in  means  of  0.89  pg/ml  was  found,  with 
the  Comparisons  having  the  lower  mean.  After  adjusting  for  covariate  information,  the 
difference  became  negative  and  nonsignificant  (-0.09  pg/ml).  In  the  analysis  of  total 
testosterone,  background  Ranch  Hands  had  a  significantly  higher  mean  level  than 
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Comparisons,  but  the  difference  between  high  Ranch  Hands  and  Comparisons  was  negative 
and  only  marginally  significant. 

Among  the  other  endocrine  variables,  continuous  Model  3  analyses  of  luteinizing 
hormone  detected  significant  positive  differences  between  low  Ranch  Hands  and  Comparisons. 

Model  4,  5,  and  6:  Current  Dioxin  Analysis 

Analyses  investigating  possible  associations  between  the  thyroid  variables  and  current 
dioxin  detected  significant  results  for  two  of  the  laboratory  variables.  Thyroxine,  although 
nonsignificant  in  the  imadjusted  analysis,  exhibited  significant  positive  associations  with  each 
analysis  of  current  dioxin  after  covariate  adjustment.  Also,  mean  levels  of  thyroxine  increased 
significantly  with  lipid-adjusted  current  dioxin  in  the  unadjusted  analysis,  but  adjusting  for 
covariate  information  led  to  a  nonsignificant  negative  association.  Marginally  significant 
results  were  foimd  in  the  Model  5  adjusted  analysis  of  thyroid  stimulating  hormone  measured 
continuously,  but  results  were  nonsignificant  in  Models  4  and  6. 

Current  dioxin  analyses  on  the  diabetes  variable  led  to  several  significant  findings,  most 
of  which  suggested  a  positive  dose-response  relationship  with  current  dioxin.  In  the  analysis 
of  diabetic  severity,  the  percentage  of  Ranch  Hands  using  diet  only  or  oral  hypoglycemics  to 
treat  their  diabetes  showed  significant  associations  with  current  dioxin.  The  association  was 
not  significant  for  insulin  dependent  Ranch  Hands.  Abnormality  percentages  for  retinopathy 
results  were  marginally  significantly  related  to  current  dioxin  in  each  adjusted  analysis,  the 
relative  risk  being  above  1.5  in  each  case.  The  number  of  years  before  the  onset  of  diabetes 
decreased  significantly  with  increasing  levels  of  current  dioxin  for  all  three  current  dioxin 
analyses.  All  participants  and  diabetics  generally  possessed  fasting  glucose  measurements  that 
were  positively  associated  with  current  dioxin,  whereas  nondiabetics  alone  exhibited  no 
significant  relationships  for  this  endpoint.  Similar  results  were  seen  for  fasting  urinary 
glucose.  Highly  significant  results  indicating  a  positive  relationship  with  all  current  dioxin 
measurements  were  seen  in  the  analyses  of  2-hour  postprandial  glucose;  however,  for  2-hour 
postprandial  urinary  glucose,  significant  associations  were  apparent  for  whole-weight  current 
dioxin  only.  The  analyses  of  serum  insulin  yielded  several  noteworthy  findings.  For  all 
participants,  unadjusted  analyses  on  this  endpoint  revealed  highly  significant  results  that 
became  nonsignificant  after  adjusting  for  covariates.  This  was  the  case  for  the  both  the 
continuous  and  trichotomous  discrete  analyses.  Inverse,  albeit  nonsignificant,  associations 
with  current  dioxin  were  evident  in  the  continuous  diabetic  analyses  of  serum  insulin,  whereas 
for  all  participants  and  nondiabetics,  serum  insulin  increased  with  current  dioxin  (significantly 
so  for  nondiabetics).  In  the  discrete  analysis  of  serum  insulin,  associations  vdth  current  dioxin 
were  positive  for  the  high  serum  insulin  category  and  negative  for  the  low  category  and  were 
significant  only  for  nondiabetics  in  Models  4  and  5.  The  discrete  diabetic  analyses  of  serum 
insulin  revealed  highly  significant  dioxin  interactions  with  body  fat.  Results  from  analyses  on 
serum  glucagon  found  significant  relationships  only  in  the  continuous  analyses  for 
nondiabetics,  where  serum  glucagon  increased  with  current  dioxin.  In  the  adjusted  analyses  of 
a-l-C  hemoglobin,  significant  positive  relationships  with  lipid-adjusted  and  whole- weight 
current  dioxin  were  evident  for  all  participants  (using  continuously  measured  a-l-C 
hemoglobin)  and  diabetics  (in  the  discrete  analysis).  A  noteworthy  result  from  the  a-l-C 
hemoglobin  analyses  was  the  prevalence  of  only  inverse  current  dioxin  relationships  for  the 
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nondiabetic  cohort  in  contrast  to  only  positive  associations  for  diabetics.  In  the  adjusted 
analyses  of  the  diabetic  variables,  current  dioxin  interactions  involving  body  fat  and 
occupation  comprised  the  majority  of  the  significant  interaction  terms. 

Analyses  of  testes  variables  from  the  physical  examination  revealed  negative  results, 
indicating  testicular  volumes  decrease  as  current  dioxin  increases.  Associations  were 
marginally  significant  for  all  Model  4  and  6  analyses  except  for  the  Model  6  total  testicular 
volume  analysis,  where  the  relationship  was  significant.  All  Model  5  analyses  were 
nonsignificant.  Notable  in  the  total  testosterone  analyses  from  the  laboratory  examination  was 
the  differences  between  the  unadjusted  and  adjusted  analyses.  All  associations  were 
significant  in  the  continuous  and  discrete  unadjusted  analyses,  but  after  adjusting  for 
covariates,  only  the  Model  5  and  6  continuous  analyses  revealed  significant  results.  Also,  the 
continuous  analyses  yielded  results  indicative  of  a  negative  dose-response  relationship. 

Similar  to  the  continuous  analyses,  the  discrete  analyses  disclosed  associations  of  a  positive 
nature  indicating  an  increase  in  abnormally  low  testosterone  as  dioxin  increased.  Unadjusted 
continuous  analyses  of  free  testosterone  led  to  significant  results  for  Models  4,  5,  and  6. 

After  CO  variate  adjustment,  however,  all  of  these  analyses  were  nonsignificant.  Analyses  on 
the  sex  hormone  binding  globulin  variables  yielded  primarily  nonsignificant  results. 

In  the  remaining  current  dioxin  analyses  of  the  endocrine  variables,  significant  negative 
associations  were  seen  for  luteinizing  hormone  in  the  unadjusted  analysis  but  were 
nonsignificant  after  adjusting  for  covariate  information. 

CONCLUSION 

The  assessment  of  the  endocrine  system  yielded  an  extensive  evaluation  of  thyroid, 
pancreatic,  and  gonadal  functions  and  their  relation  to  dioxin  exposure.  Analyses  of  thyroid 
functions  did  not  identify  significant  differences  between  Ranch  Hands  and  Comparisons. 
Similarly,  the  prevalence  of  diabetes  mellitus  in  the  two  populations  was  not  significantly 
different,  although  significant  positive  associations  were  found  between  current  dioxin  levels 
and  the  onset  of  diabetes. 

Significant  glucose  metabolism  results  were  confined  to  the  current  serum  dioxin 
analyses.  These  results  suggest  a  possible  mechanism  for  dioxin  effect  on  glucose  metabolism 
and  the  development  of  diabetes.  Ranch  Hands  with  high  levels  of  current  sei^  dioxin  had 
significantly  higher  fasting  glucose  levels  than  those  with  lower  levels  of  dioxin,  a  result  due 
mainly  to  the  diabetic  cohort.  Nondiabetics,  on  the  other  hand,  exhibited  an  inverse 
association  between  fasting  glucose  and  current  serum  dioxin  and  a  positive  association 
between  2-hour  postprandial  glucose  and  current  serum  dioxin.  Serum  dioxin  levels  were 
significantly  related  to  elevated  insulin  levels  in  nondiabetics,  but  not  in  diabetics.  This  is 
suggestive  of  a  TCDD  effect  on  glucose  metabolism  with  a  heightened  release  of  insulin  in 
Ranch  Hands  with  a  fully  responsive  pancreas.  When  this  pancreatic  response  is  no  longer 
effective,  elevated  glucose  levels  lead  to  the  clinical  diagnosis  of  diabetes  mellitus  and  loss  of 
the  dose-response  between  TCDD  and  insulin. 

Analyses  of  gonadal  functions  detected  a  significant  inverse  dose-response  relationship 
between  current  serum  dioxin  and  total  serum  testosterone  in  Ranch  Hands.  These  results 
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support  those  described  in  the  Serum  Dioxin  Analysis  of  the  1987  Followup  Examination,  but 
the  clinical  significance  is  uncertain. 

In  conclusion,  though  the  existence  of  endocrine  disorders  is  comparable  in  Ranch  Hands 
and  Comparisons,  the  assessment  of  glucose  metabolism  shows  the  possibility  of  detrimental 
effects  from  dioxin  in  relation  to  glucose  intolerance  and  insulin  production. 
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